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(54) A battery and a method for the manufacture of such a battery 



(57) The object of the present invention is to provide 
a secondary battery that has a lamination of negative 
electrodes and positive electrodes with intervening sep- 
arators that acquires a low battery internal impedance 
and excellent charging and discharging power by the suf- 
ficient compressing of the electrodes, and that is very 
safe and easy to recycle, and to provide a method for 
manufacturing such a battery. 

To achieve the above object, according to the 
present invention, in a battery wherein positive elec- 
trodes and negative electrodes are disposed with inter- 
vening separators, and are stored in a battery case with 
a solid electrolyte or an electrolytic solution, provided in 
the battery case is a member whose shape is changed 
at a predetermined temperature (first temperature), 
which is lower than the melting point of the separator and 
which falls outside the battery operating temperature 
range, that maintains the shape in the battery operating 
temperature range. By heating or cooling the member to 
the first temperature, pressure is applied to at least one 
part of the battery case or the applied pressure is 
released. 
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FIG 1B 
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Description 

BACKGROUND O F THE INVENTION 
5 Field of the Invention 

an i^lZT* ' nVe f °" t0 3 C6 " in wWch ne9ative e,ectrode and the Positive electrode are located with 

tor SirJ! r ■"l*"* S inSert6d int ° 3 bBB ^ ~ ,n P 3 ^"' 3 --- 4,16 P res «"» invention relates to a SlSry 
,o k 056 Sh3pe ' S Chan96d due to tem Perature, and that holds the shape, is employed to increase a 

io high discharge capacity, to improve reliability, and to facilitate recycling. '"crease a 

Related BackrrrmmH Arf 

n^™™* COncunrently wi ?: the development of portable electronic devices, there is an increased demand for higher 
^"^(batteries), which serve as the cores that drive such electronic devices. M addifc X 
2Zf«? e ™ ronmen *' P roblems ° n eart ». *ere are increased demands that there be developed a secondary battel 
^th^thp fl^^ 6[ T ^ ' 0ad leV6,ing and for eleCtr ° nic Care - and *»« used becollected anSSJE 
pTer is ienS oi ^ 9enerati0^, dUnn9 C ° 2 " ^ are diSChar96d ' 030 be reduced and ^Live 

lockim M ^^• Perfo T anC , e . battery ' th6re h3S been ***** developed a lithium ion secondary battery of a 
Sod^rLS^ ? .ntercalahon compound, into which lithium ions are intercalated is emptoyed for a positive 

. ^7 v,deo , camera 80(1 a Potable telephone. Since the lithium ion secondary battery does noThave the enemy 
densrty that metalhc lithium has originally, a lithium secondary battery is also being activdy studied Scan aSe 

^ZS£S" " ^ Chara<A&is6c of ,ithium " * «"»**"■ metallic lithium as an act^nSe 

called awrfm ^I*?™ SeCOndary the one "here lithium ions interfere with cell reaction is collectively 

™i ™™ ~ ? * ' f nonadueous electrotytic solutionis used to suppress the reaction of metallic lithium with water 

.Smov^ems^ 

1™^!? H ■ ! n,Cke '- Cadm,um secondary battery and those in a lead secondary battery for which an 
^roed^riTO^rf^^teSrv'h'' * employed.. Thus^the electricconductivity of the electrolytic solutionis low and the intermit 
impedance of the battery becomes greater, so that the distance between the negative and the positive electrodes must 
be short to reduce the internal impedance of the battery. positive electrodes must 

H-e* F ° r reaSOn ' 3 meth0d has been cohered that reduces an internal impedance of a battery by decreasino the 

*£ST< ^ V6 h e,6Ctr0de - M ° re SPeCffiCaJly - tHe - eth0d is Perform^ foS^Fo? £ 

^ 9 * (SP ' ral ^ wherein a negative and a P^e electrode are provided by winding via a 

, S 5 iS I h !^ " R9S - 1 7A and 17B> a rect angular battery has the electrode structure of a sinqle layer fFia MM or 
^^s^r.^ 9 17B) " ReferenCe ^ 1701 den ° teS 3 ™.tS^SSS 

beinstrtedTnVbSr?^"^ 6 if ^ "T*™ and P°s«ive electrodes are overlaid via separators is to 

bya^Sn^ 

2SS?SJ7L^ k 9 1 18C ' referenCe nUmber 1801 denotes a "^tive electrodeTl802 a positive 

T , f : 804, 3 battery C3Se: and 1805 - means *or externally compressing the electrodes That 
S^^^ ll^^S^jr - 38 fe SHOWn " R9 18A ' ^ °^e electi-odes are insertSwhSbeTng 

MdaSlZTZ e,ectrod ^ a : e arther dnven in fie remaining distance by an external force or by vibration (Fig 18Q 

Sng corno7 6 S2 ^.2221 " I* T" * mm ^ 1 8A> diStal P 0 * 008 of *• e,ectrode * ara *~ andVe noi 
oeing compressed, and therefore the e ectrodes for the batterv in Rn i«r ^ ^ ^ ™ . 

Rg. 18B. are not sufficiently compressed 9 ' P bv 106 P rocess shown in 

elective ^ ™ S "belaTifT^ ^ ^ ^ * ^ f ° r ,03d beann 9 and for cars, the 

sfrurtuafhl! 3 ! ' a96 j r - T hus> ,n addrt,on to a spiral type that is primarily employed currently, such an electrode 

structure has been considered wherein negative electrodes and positive electrodesar^ laminated witt.TseparaS^ 
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the electrode areas are increased, to improve the battery performance it becomes more important for relatively opposite 
electrodes to be compressed uniformly and for the impedance to be reduced as much as possible. An effective com- 
pression means is therefore strongly demanded. 

Further, since a lithium secondary battery employs an organic solvent as its electrolytic solution, preferably « should 
s be treated very carefully and a safety valve must be provided for the battery. 

TTie safety valve is so structured that it is opened when a flexible member, such as a spring or rubber is driven as 
the internal pressure is raised. In other words, the safety valve is actuated after a certain period of time has elapsed in 
the excitation of the performance of the battery. For a larger battery, it is preferable that such a mechanism be improved 
more. Thus, there is a demand for a mechanism that performs detection and is activated before the internal pressure is 
10 raised. 

During the processing of used batteries that are collected in order for the battery material to be recycled it is not 
easy to cut away the battery cases and to extract the battery components, such as the electrodes that while under 
compression are stored within the battery cases and adjacent to the internal surfaces of the battery case walls Thus 
there is a demand for a means that, during the recycling processing of the used batteries that are collected makes it 
is possible to easily separate from the battery cases the battery components that are positioned adjacent to the internal 
surfaces of the battery case walls. 

SUMMARY OF THE INVENTION 
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To overcome the above described shortcomings, it is a first object of the present invention to provide a battery 
wherein negative electrodes and positive electrodes are arranged via separators, that has a low internal impedance and 
a high charge/discharge performance that are obtained by adequately compressing positive and negative electrodes 

It is a second object of the present invention to provide a battery that possesses means for reducing internal pressure 
in consonance with the internal temperature of the battery. 
25 It is a third object of the present invention to provide a battery that can be easily recycled. 

It is a fourth object of the present invention to provide a method for manufacturing a battery that involves simple 
procedures and that enables good yields. *" 

To solve the aforementioned problems, the present inventors studied them carefully and then devised the followinq 
invention. 
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According to the present invention, a battery is so designed that positive electrodes and negative electrodes, which 
are disposed with intervening separators, are stored in a battery case, along with a solid electrolyte or an electrolytic 
solution, wherein is provided a component whose shape is altered at a predetermined temperature (a first temperature), 
which is lower than a melting point of the separators but which falls outside an operating temperature range, and that! 
while retaining the altered shape at temperatures that fall within the operating temperature range, is heated to the first 
temperature to exert pressure in at least one area within the battery case or is cooled to release the exerted pressure. 

The negative electrodes contain at least lithium as an active material, and a nonaqueous solution is employed as 
the electrolytic solution. 

The negative electrodes and the positive electrodes are fixed to a negative collector and a positive collector, respec- 
tively, and are connected to input and output terminals of the negative and the positive collectors. 

A battery of the present invention further comprises an elastic body and stopper means for suppressing elastic force 
of the elastic body, with the stopper means being constituted by the member. 

According to the present invention, as the shape of the member is altered, pressure is exerted in a direction in which 
a distance between the positive electrodes and the negative electrodes is reduced, a safety valve that is provided for 
the battery case is actuated, andfor the positive electrodes (or the positive collector) become electrically connected to 
the input/output terminals for positive electrodes and/or the negative electrodes (or the negative collector) become elec- 
trically connected to the input/output terminals for negative electrodes. 

According to the present invention, it is preferable that the member be formed of an alloy or a resin that has a shape- 
memory function. Especially, for easy handling, it is desirable that the member be formed of a shape-memory alloy. 
Alternatively, the member may be made of a material whose volume is expanded at the first temperature. Preferably, 
so the material will generate a gas as its volume is expanded. 

In a battery of the present invention, it is preferable that the member be a made of material that assumes an altered 
shape at thef irst temperature and then altered shape at a second temperature that falls outside the operating temperature 
range. 

For example, the member may be made of a material that assumes one shape at the first temperature and that then 
assumes a different shape at the second temperature that fails outside the operating temperature range. Due to the 
change in the shape of the member at the second temperature, pressure that is exerted in a direction opposite to the 
electrodes is released, or the actuation of the safety valve that is provided in the battery case ceases. Or, due to the 
change in the shape at the second temperature, the electric connection of the positive electrodes (or the positive collector) 
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(or.the negative collector) to the input/output terntinaJs for negatwe electrodes is interrupted 

for the mput terminals and the electrodes and that actuates the safety valve, and a temperature at which the safety wilve 
Is fntCeS. S ° ^ " fe hi9h6r ^ 3 temP6ratUre (<he S6C0nd te -P-^ which the e.e^«." nneSn 
^ The altered shapes that the member assumes at the higher temperature and at the second temperature are revers- 

,n addrtion - J '"s preferable that a battery of the present invention comprise compression equalization means for the 
SSL'S Z°". 0, t pressure - Pre,erabl * *e compression equalization means is made of a materia. SSail 
offlowabilrtyatatemperature that is lower than a melting point of the separatora. ard that does nrtreartoTSes^ 
so as not to react, wrth the solid electrolyte and the electrolytic solutoaEspec^ally. it is deXble S the comoTeS 
equahzaton means be located between the member and the electrodes intte battery cast session 
,* m T accoi ? in 9 to P reserrt invention, for manufacturing a secondary battery, wherein positive electrodes 

tZST^jZ* 0 ^ r diSpOS6d intervenin 9 se P arators and ^h a reiltant sttuctuTsSed in a^ttty 
case, along wrth a solid electrolyte or an electrolytic solution, comprises the steps of 

storing, in the battery case, at least the positive electrodes, the negative electrodes the serjaratois anri a mom( w 

TZTo^lT* V temperature (a ,iret temperature) that is ^ ^^ST^TJ^ a ^Z 

timeas'Snhgis^ 
comp^^^ 

trnH-lV^f eraWe th3t ne9atiVe e,ectrodes *** co^i" '"Mum as an active material be employed as the negative elec- 
be performed in an atmosphere that provides for adequate removal of water proceaures 

are JiS L° P"* 6 "* inventi ° n iS 50 desi9ned P 05 ^ electrodes and the negative electrodes 

are disposed with intervening separators, and the resultant structure is stored in a batterv case atann w^TTc^m 

wh^Te^ in 4,16 tettery ^ a membe ^ *■ a ^™™^ZT P ™«£ 

S?Ln! T-^ ' at a temperature O »ret temperature) that is lower than a mefting point of the separators and 
fefwSJn SS? ^T" 9 tem P erature ra "9 e «* the battery, and that retains the attered shape ^^^2 S 
fall wrthm the operating temperature range. When the member is heated at a predetermined SperaS^^ 
perature) or cooled, the shape of the member can be varied. Therefore, as the shape .^SK^Tl^ST 
f£™Z 1??^' *• * BP9 01 member iS Chan9ed and electrodes, for co^eSX 

redu^ £ tSTfS^T^,,^ ° f th6 The in t erna) ^edance of «iS2S?K2 

reduced so that a battery wrth excellent charging and discharging properties can be provided 

not oI^k descrtt >ed member for which the shape varies in consonance wrth the temperature a member that 

I^2£2T " T "J* ** temperature but a '*> « the second temperature is employed ™o, exiSe S 

atTheTec^^^^ 

* ^ trf^Tl tem P erature for ft e release of pressure, the pressure on the electrodes is released when the temoerature 

Further ^SST'i 6nab,in i the 6,eCtrodeS t0 be eaSi,y removed at » e *» the bSS££3£? 
lata mear^n^Sr If?" 3 ^ °»*«*M* « employed as the compression eqSl- 

™5^£!£2££2£ y a member whose shape is by temperatu - *• — KS3 

BRIEF nPRr. RIPTIQN OF THE DRAWING 

ryTen^erafo™!^ n"" 0 ^! i,,UStratin9 3 mechanism herein the member whose shape is varied 
2^2122 2? a " ! npuVoul P ut terminal for a positive electrode to the positive eStadeTthe 
the Se^rf * C ° nneCtS 30 ' n P»t/output terminal for a negative electrode to the negative electrode in 

Sfc^SS^^S!^ dia f^ mS " ,UStratin9 an ° ther mechanism herein the member whose shape is 
^Th JLi ^, . Y connects an »nputyoutput terminal for a positive electrode to the positive elecfrcde 

In^tte^^^^^ 
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Figs. 4A through 4C are conceptual diagrams illustrating an additional mechanism wherein the member whose 
shape is varied by temperature electrically connects an input/output terminal for a positive electrode to the positive 
electrode in the battery, and/or electrically connects an input/output terminal for a negative electrode to the negative 
electrode in the battery; 

Figs. 5A through 5D are conceptual diagrams illustrating a mechanism wherein the member whose shape is varied 
by temperature controls the actuation of a safety valve in consonance with the internal temperature of the battery- 
Figs. 6A through 6C are conceptual diagrams illustrating another mechanism wherein the member whose shape is 
varied by temperature controls the actuation of a safety valve in consonance with the internal temperature of the 
battery; 

Figs. 7A and 7B are conceptual diagrams illustrating a compression mechanism for an elastic body that has releas- 
able stopper means; 

Figs. 8A through 8D are conceptual diagrams illustrating an example arrangement of compression means that is 
constituted by a member whose shape is varied by temperature; 

Figs. 9A and 9B are conceptual diagrams for explaining compression equalization means; 

Fig. 10 is a conceptual diagram illustrating a lithium secondary battery as one example of a battery according to 

the present invention; 

Fig. 1 1 is a conceptual diagram illustrating a first embodiment of the present invention; 
Fig. 12 is a conceptual diagram illustrating a second embodiment of the present invention; 
Fig. 13 is a conceptual diagram illustrating a third embodiment of the present invention; 

Fig. 14 is a conceptual diagram illustrating the structure of a safety valve according to the third embodiment of the 
present invention; 

Fig. 15 is a conceptual diagram illustrating a seventh embodiment of the present invention; 
Fig. 16 is a conceptual diagram illustrating an eighth embodiment of the present invention; 
Figs. 1 7A and 1 7B are conceptual diagrams illustrating an example structure wherein negative electrodes and pos- 
itive electrodes are laminated via separators; and 

Figs. 18A through 1 8C are conceptual diagrams illustrating an example of a method wherein electrodes are inserted 
into a battery case. 

DETAILED DESCRIPTION Q F THE PREFERRED EMBODIMENTS 

The operation of the present invention, together with the preferred embodiments, will now be described in detail. 
(Member whose shape is varied by temperatures) 

A member, employed in this invention, that is varied in shape by temperature is defined as a member whose shape 
is changed by raising it to a predetermined temperature (a first temperature) and that retains its changed shape within 
a practical temperature range of a battery. Because a member that resumes its original shape in the operating temper- 
ature range can not hold a permanent function. 

It is preferable that a general-purpose battery be useable within a temperature range of from a temperature (-30°C) 
in cold areas to a temperature (80°C) in a closed car in the daytime, and a member that can maintain its altered shape 
in this temperature range. When a battery is used at a location where the temperature range is limited, only a member 
that is appropriate for the operating temperature range at that location need be errployed. 

For a secondary battery of this embodiment, a member whose shape is varied at a temperature that is lower than 
the melting point for a separator must be selected. If the shape of a member is not altered unless the temperature is 
higher than the melting point of the separator, the separator will melt before the objective performance is attained, the 
transfer of an active material between the negative electrode and the positive electrode will be interrupted, the internal 
impedance of the battery will be extremely increased, and the effect of the present invention will hot be fully obtained. 

By employing a member whose shape is varied by temperature, the following functions can be added to the battery 
of the present invention: First, a function for applying pressure to the electrodes in the battery to the face opposite 
perpendicular to the electrodes; second, a function for electrically connecting input/output terminals of the battery to the 
electrodes; third, a function for disconnecting the input/output terminals of the battery from the electrodes and for cutting 
off a current flow, in consonance with the internal temperature of the battery, to prevent in advance an increase in the 
internal temperature of the battery; fourth, a function for, in consonance with the temperature, controlling the actuation 
of a safety valve that is provided in a battery case; and fifth, a function for easily removing members, such as the elec- 
trodes, from the battery case when the battery is disassembled to further facilitate recycling. 

These functions of a member in a battery case whose shape is altered by temperature will be described in detail. 
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(1) Compression to electrodes 



An explanation will be given of a mechanism according to the present invention wherein a member in a battery case 
whose shape is altered by temperature compresses the electrodes in the battery case perpendicular to the electrode 
surfaces. 

R 5^J * ^ 1 B ' scnematic cross sectional views of a battery, are employed to explain why a member whose shape 
.s varied by temperature can compress electrodes in a battery case in a direction that is perpendicular to the electrode 
surfaces. In Figs. 1A and 1B. reference number 101 denotes a negative electrode: 102. a positive electrode- 103 a 
separator; 104. a battery case; 105. a member whose shape is varied by temperature; and 106. an insulator 

In a secondary battery of the present invention, as is shown in Fig. 1 A. for example, with the negative electrode 101 
and the positive electrode 102 facing each other with the separator 103 intervening, the electrodes and the member 105 
whose shape is varied at a desired temperature are inserted into the battery case 1 04. This is the state before the shape 
of the member 105 has been altered. The structure in this state (i.e.. where the electrodes 101 and 102 and the member 

liLT 5 ,' t nto -i baMery 0356 1 04> iS lhen heated to a tem Perature (first temperature) at which the shape of the 

member 105isaltered or to a higher temperature. As is shown in Fig. 1B. the shape of the member 105 his altered and 

I H-S mS * ?° e e ° tr<X ! eS iS reduced - a resuft - *e electrodes are adequately compressed in the battery case in 
a direction that is perpendicular to the faces of the electrodes. ' 

ic JS"' 3 "]? mat has a sensible change of the shape is employed as the member 105 whose shape 
svanedby temperature, theshape is altered again at a teiiperature (second ternperature) that falls outside the opera^ 
Z P ^ fe « ran9e * abatt ? y - the com P re ssion is released. Thus, a function for easily removing the electrodes 
from the battery case when the battery is disassembled can be provided. 

(2) Electric connection and disconnection of input/output terminals of a battery and electrodes 

* ri ,JT eXP ' a "!! i0n Wi " 9iven for a function herein a member whose shape is altered at the first temperature elec- 
tricallyj connects an input/output positive electrode terminal of a battery to a positive electrode in the battery and/or 
connects an input/output negative electrode terminal of the battery to a negative electrode in the battery. 
. ™ 6 member wh ° se sha Pe is varied by temperature not only serves as compression means for the electrodes but 
ini^o ™° Tl?^ t !7 lina, f ° f thS ballery to be electrically connected to the electrodes. In other words, by 
XcXS ^^^h7bStery ' ' eadS V* 0 ** ^output terminals) can be electrically connected to the 

th.f^lST 6 ,un f°" wi " specifically described while referring to Fig. 2. but the present invention is not limited to 
thefoHowing example. Figs. 2A through 2C. schematic cross sectionals view of a battery, are usedto explainthe structure 
SL memb6r Wh ° Se Shape iS varied by temperature is employed as means for elecmcally connecting 

necSl '" P " t/OUtput rt tarmina ' for a ^e electrode to the positive electrode in the battery, and for eleLcallyW 
SSSS? T V mPU,/0l f * ,ermina,S for 3 negative electrode to * e n e3a«ve electrode in the battery. In Figs 2A 
ZnTr ' 'on^ nUmber 201 den ° teS 3 ne9ative electrode; 202 ' a Positive electrode; 203. a separator- !o4 a 

,^ din9 10 the P res ent invention, the structure shown in Fig. 2. for example, is employed to perform by compres- 

M^JSEZL ^£72 ' ,nPUt/OUtPUt t6rminal ^ 8 ^ * c ** and *e Positive^ SrSe n 

batter?FL 2B a ^^c^ ery T^S* *" * ""^ ■ nd the ne 9 ative in the 

aoSZJTS^ 2t ^ . arg6d d,a 9 rams showing the states, before and after the pressure is applied of 
a portion (enclosed by a circle) where electric contact is made by applying pressure in Fig 2A 

207 in 7Z 21^271 ** ShOM **!* ** te before I**"™ is applied, a gap exists between the electrode lead tab 
TLl „V I? a ^ •hecorrespond.ng battery input/output terminal 206 and electric contact is cut off In the state 
shown in Rg. 2C where the shape of the member 205 whose shape is varied by temperature hasbee n aSed Ibv 
a resuft oTSTS^KS 10 Z* e ' e fl 0de ' ead ^ 207 ^ responds to the L*7y input/output 2SSS as 
teSln^h 96 " 5 6 ^ ° f the member ^ «<«iuate electric contact between L electrode in the 
battery and the corresponding battery input/output terminal is provided OTe 

trodeTinTp^ id !2rr U ^! Pp,ied t0 ""^ areasof *» electrode lead tabs that correspond to the elec- 
oTtiSeSnSf * I * 6 , e,ectrodes in 1,16 are compressed in a direction that is perpendicular to the faces 

of the electrodes, to provide adequate current collection. 

a0 n.i , l ,, ^?i ^Stan !!• " iS preferab,e ** a coa * n 9 o* a soft conductive material, such as gold, silver, indium or solder be 

S « ° f !lT tr0de lead termina,s 206 *-» ^e electrodes in the baS tatf£ 

^° 7 - * the compression means to obtain a desirable electric contact 

inDu r i '! d ^ ribed according to the present invention, electrical connection can be provided between the battery 
■nput/output terminal for a positive electrode and the positive electrode in the battery, and/or between the battel 
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input/output terminal for a negative electrode and the negative electrode in the battery, without conventional means, 
such as soldering and spot welding, being employed. 

In addition, as is shown in Figs. 3A and 4A, the present invention can be employed effectively when one of battery 
input/output terminals also serves as a battery case. In Fig. 3A, a shape-memory alloy, etc.. that can conduct electrically 
is employed as the member 205 whose shape is varied by temperatures. An electrode lead tab is not required and a 
battery input/output terminal (battery case) 206 is electrically connected to one of the electrodes by utilizing an event 
during which the electrodes in a battery are compressed not only in a direction that is perpendicular to the feces of the 
electrodes, but also toward the internal face of the battery case (indicated by the arrow in Fig. 3A). In the case shown 
in Fig. 4A. an electrode lead tab 207 is employed to electrically connect one of the electrodes in the battery to the battery 
input/output terminal (battery case) 206. In this instance, the other electrode must be insulated from the battery case 

Figs. 3B and 3C. and Figs. 4B and 4C are enlarged diagrams of the portions (enclosed by circles) in Figs 3A and 
4A. respectively, in which electric connections are made. Rgs. 3B and 4B are diagrams showing the states before pres- 
sure has been applied, while Rgs. 3C and 4C are diagrams showing the states after pressure has been applied. In the 
states shown in Rgs. 3B and 4B before pressure has been applied, as well as in Hg. 2B. gaps exist between the battery 
input/output terminals and either the members whose shapes are changed by temperature or the electrode lead tab 
and electrical contact is cut off. In the states shown in Rgs. 3C and 4C after pressure has been applied, as well as in 
Rg. 2C. the shapes of the members whose shapes are varied by temperature are altered and the battery input/output 
terminals are fully connected electrically to those members or to the electrode lead tab by compression. In other words 
the present invention is also effective when one of the battery input/output terminals for the electrodes also serves as 
20 a battery case. 

Further, according to the present invention, since with a simple structure for the battery components at least one 
part of the battery can be set to a predetermined temperature, electric connection between the battery input/output 
terminal for a positive electrode to thee positive electrode in the battery and/or between the battery input/output terminal 
for a negative electrode and the negative electrode in the battery. Therefore, since means, such as spot welding or 
soldering, is not required as in a conventional case, a battery manufacturing process can be simplified, and since the 
electrodes are connected to the battery input/output terminals only by the pressure that is exerted as the result of a 
thermal process, the electrodes can be easily removed from the battery case when the battery is disassembled. 

In addition, to prevent a temperature rise, a function can be provided to reverse the shape altering process and 
enable another shape to be assumed at a second temperature (e.g.. a higher temperature) that falls outside the operating 
temperature range for a battery, so that pressure is released, a gap appears between the battery input/output terminal 
for a positive electrode and a positive electrode in the battery and/or between the battery input/output terminal for a 
negative electrode and the negative electrode in the battery (see Figs. 2B. 3B, and 4B). and current flow is interrupted 
by the electrical contact being broken. 

More specifically, when heat is generated by overcharging, overdischarging, or an internal short-circuit, and the 
internal temperature of the battery rises higher than the second temperature, the use (charging and discharging) of the 
battery is halted. Therefore, the occurrence of problems that are associated with overcharging and overdischarging 
(adverse influences on other batteries that are connected in series) can be prevented. 

When a member is employed for which shape altering process is reversible, such a function can also be provided 
by which, when the temperature is reduced, pressure is applied to the contact area of the electrode, the battery input/out- 
put terminal and the lead tab are again electrically connected, and the original, normal state is automatically assumed. 

(3) Safety valve for sensing the temperature in a cell 
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An explanation will now be given for a function of the present invention by which at a desired temperature a member 
45 whose shape is varied by temperature controls the actuation of a safety valve. 

According to the present invention, it is possible to automatically control the actuation of a safety valve in consonance 
with a battery temperature. More specifically, it is possible to provide a lithium secondary battery that for greater operating 
safety actuates a safety valve in consonance with the internal temperature of the battery before the internal pressure of 
the battery is raised. 

so Such a function will be specifically described while referring to Figs. 5A through 5D and 6A through 6C. Figs. 5A 
through 5D and 6A through 6C are schematic cross sectional views of a battery and are used to explain the principle 
by which a safety valve is actuated at a desired temperature. Reference number 501 denotes a negative electrode; 502. 
a positive electrode; 503. a separator; 504, a battery case; 505. an elastic body, such as a spring or rubber; 506. a 
sealing plate; 507, a safety valve; 508, a member whose shape is varied by temperature; 509, a gas escape port; and 

55 51 0, a stopper, for an elastic body 51 1 . that is formed of a material whose shape is varied by temperature and that can 
function to release a stopper at a predetermined temperature. 

Figs. 5B through 5D are enlarged diagrams showing the safety valve 507 in Rg. 5A. The principle of the operation 
of the safety valve will be explained while referring to these cfiagrams. In the state shown in Rg. 5B, the safety valve is 
closed and in the states shown in Rgs. 5C and 5D the safety valve is open. Usually (when being sealed), a conventional 
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safety valve is closed as is shown in Fig. 5B. When the internal pressure of the battery is increased the force exerted 
by the pressure becomes greater than the force with which the elastic body 505 presses against the sealing plate 506 
to seal the battery. Then, as is shown in Fig. 5C. the elastic body 505 is compressed in oider for a gap to be opened 
between the sealing plate 506 and the safety valve 507. gas escapes through the gas escape port 509 and a further 
increase in the internal pressure of the battery is prevented. In addition, in thepresent invention, the shape of the member 
508 whose shape is altered by temperature is changed in shape in consonance with the temperature, as is shown in 
Fig. 5D. and enables the actuation of the safety valve 506 against the force with which the elastic body 505 presses 
against the sealing plate 506. In other words, according to the present invention, the actuation of the safety valve can 
be controlled in consonance not only with the internal pressure of the battery but also with the temperature in the battery 
1 ^ u 9 decom P° sHion 01 30 electrolytic solution due to an abnormal increase in the internal temperature of 
the battery can be prevented in advance, so that reliability is improved. 

It is also possible to provide, for an identical battery, a function that controls, at a desired temperature, the actuation 
fJH^L ^ T consonance with a temperature by using a member whose shape is varied by temperature; 

and a function that aga.n causes a change in shape outside the battery operating temperature range (higher temperature 
SI de) to release pressure, disconnects the battery input/oufout terminal for a positive elecfrode from me positive electi^ 
m the battery, and/or tiie battery input/output terminal for a negative electrode from the negative electrode in the battery 
5? it^JT , Z fof 3 ? rrent <0 fkM W """P'etely cuts a* the current flow to prevent a further increase in 
Si ^TJ, i S ? Se ' " ' S d?Sirab,e that the temperature * w hich a function for electric disconnection is carried 

out be set lower than the temperature at which a function for the actuation of a safety valve is carried out This is because 

tt^IfJ^ , nC ^, nS ' 3 b3ttery that *** been S6aled te opened to * e atmosphere, and water in the air enters 
!„ ^ adverse, y '""uence rts performance. Especially with metallic lithium, etc.. which easily reacts with water 

LT-frf P Z W i ter haS entered * e battery te Penormance is sometimes reduced. More specifically, it is 

therefore more preferable that a control procedure for an electric connection in the battery be performed before the 
safety valve is actuated (while the battery is still sealed), i.e.. without permitting water to enter Scm theltmoSere 

SS^h a I UnCt T **" 156 PrOVided 3nd US6d again ** a"™"^ returns the battery to its original^orma 
state when the internal temperature of the battery is reduced normally or is forcibly reduced 

_ * sno " ld J* noted that there are two ways to use a shape-memory alloy: one is a unidirectional use that merely 
employs the force thai is generated when the shape is recovered, and the other is a bidirectional use that repetitively 
^STr^n^ff, T 3t *! heatin9 *™ and at the coo,in9 time - ,n unWrectional way. after the martensite 
25El!^I f °T temperature ' s Performed on the alloy, it is returned to its original shape by heating. However. 

f 2 temperature ' *e sha P e <* ^e alloy is not the one that is obtained when the thermal hysteresis is 

f h / e 3t 8 ,OW tem P erature - Howeve r. because the difference between the forces at a high temp^ 

ature and at a low temperature is large and the amount of displacement can not be exactly controlled in many cases 
SaS 9 a hfnn t araCt6ri ? C * a "™ directional shape-memory alloy where it is soft at a I J temperS 3SecS2 
^fhfl ^ 9 ten1P 5 a ! ,re • 3 b,directional element, which is a combination of a unidirectional shape-memory alloy 

3 8 tH £E * * ^ *? Spr " 19 ' S pressed down ^ bias spring, while the force of that spring is increased 
and ST* ? 1 * ,n ° rder ° r6dUCe thermal ^ eresi& and * e temperature difference during repetitive operators 

££££ ^2?*" *LT u * W * jr betWeen * e auStenite and *e rhonbonedral. lich is an' 
intermediate phase that appears between the austenite and the martensite of the Ni-Ti alloy. 

of th» «l!i me 'i 8 memb ! f Wh ° Se Shape is varied °y temperature and that has a function for controlling the actuation 
b l drfferent ,r ° m the member ^ institutes means for compressing the electrodS in fte 
battery case in a direction that is perpendicular to the faces of the electrodes e-ecrroaes in tne 

stor^I^n^n" 9 t0 K th6 Pr ? Se "! inVenti ° n - 38 iS Sn ° wn in R9 " 6A - 106 elastic bod y 511 m at has the releasable 
S tT^^^S^ a ! thS f 3 ^ ^ th3t iS aCtU3ted in ^nsonance with the temperature in the 
?S™. e ° P" nc, P ,e °t such a safety valve will be explained while referring to Figs. 6B and 6C In Fig 6A 

s Sr^ff I T 6 ? 6 fe C,OSed - and in Rgs 66 and 60 are »e states where the safety vale 

of XEJ? y (Wne " be,n9 sea,ed >- *e safety valve is closed, as is shown in Fig. 6A. When the internal pressure 

"V™°* ° f 106 batter y closed off from the outside. Then, as is shown in Fig. 6B. the elastic body 505 is compressed 
^^^iS^TT^ sealing ptate 506 and the safety valve soy'and gas escapes^ugh ttne^ZSS 
KSE, "T* 01 battery ' 80 ^ a ,urtner increase in the internal pressure of a battery can be prevented 
v^XtemSatf ? — * body 511 that has as a stopper 510 a memo eTwhie snails 

oLSli * ? be ^ meS f eater than *h e force with which the elastic body 505 presses against the sealS 
mf m^fh I?* 1 ** 0 ' 1 01 *" ^ V3,Ve 030 be ^ntrolled as well as the safety vaJve can be actStSt^Sino 
f^ 6 iS Vari6d ^ tem P^res. ft should be noted that inttTe structure in F,g7c ^ tt, efo^cT Mb 
exerted by the elastc body 51 1 is greater than that of the elastic body 505 
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Next, a member whose shape is varied at a desired temperature, which is the feature of the present invention, will 
be specifically described. As a member of the present invention whose shape is altered at a desired temperature, there 
are a member that is formed of a shape-memory material, a member that is formed of a material that is decomposed 
by heating, generates gas. is expanded and does not return to its original shape, and an elastic member that has a 
releasable stopper. These materials will now be individually described together with the above described functions. 

(Shape-memory material) 

A shape-memory material whose shape is varied by temperature is a shape-memory alloy or a shape-memory resin. 
A shape-memory material is a material that recovers at a predetermined temperature to a shape that is memorized in 
advance. 

(Shape-memory alloy) 

A shape-memory function of a shape-memory alloy employs phase transition of a solid, and is based on thermo- 
plastic martensite transformation. It is thought that the shape-memory function is released by the following mechanism. 
When an alloy in a high temperature phase (mother phase) is cooled at a temperature for transformation completion 
when the temperature is reduced, or is lower, the phase of the alloy is a martensite low temperature phase. Since this 
transformation is accompanied by shearing (plastic deformation by twinning), great elastic distortion occurs in the sur- 
roundings. In order to ease this distortion, a pair of brother phases that cancel the shearing distortion of each other 
appear. Thus, a macro external change is not caused. In other words, plastic deformation by twinning proceeds until the 
corresponding brother crystals provide the greatest distortion for a load stress. 

When the deformed alloy is heated and is set to a temperature for transformation completion when the temperature 
is increased, or is higher, the mother phases in the same bearing as those before the deformation are generated from 
corresponding brother crystals in consonance with the grid relationship with the respective mother phases. In other 
words, even if the shape is changed by a load stress in a martensite phase, the shape of the mother phase is memorized. 
That is, since the shape-memory alloy memorizes the shape of the mother phase even if it is deformed at a temperature 
for transformation completion when the temperature is decreased, or is lower, the original shape is recovered by heating 
to a temperature for transformation completion when the temperature is increased. 

Therefore, for the shape-memory alloy employed in this invention, its temperature for transformation completion 
when the temperature is increased must be lower than the melting point of a separator that is employed. For the shape- 
memory alloy that has a reversible change, its temperature for transformation start when the temperature is reduced 
must be at the lower limit (e.g.. -30°C) of the battery operating temperature range or below. 

If the shape of the member is not recovered until the temperature reaches the melting point of the separator or 
above, the separator will be melted before the shape of the member is returned to its original shape and performs the 
effect, and the separator does not function at all. In other words, the transfer of the active material between the negative 
electrode and the positive electrode is interrupted, the internal impedance of the battery is extremely increased, and the 
effect of the present invention can not be fully obtained. For the reversible change of the shape of the member, once its 
shape is changed again within the battery operating temperature range, a permanent function is not accomplished. 

An alloy whose transformation temperature is from 0°C to 120°C is the preferable shape-memory alloy that is 
employed for the present invention. When a shape-memory alloy is employed for compression means to shorten the 
distance between the negative electrode and the positive electrode and to reduce the impedance inside the battery, the 
transformation temperature is preferably from 0°C to 80°C. When a shape-memory alloy is used for a safety mechanism 
to cope with an increased temperature in the battery, the transformation temperature is preferably from 80°C to 120°C. 
As specific examples of a shape-memory alloy that falls in the transformation temperature range of 0°C to 1 20°C, there 
are Ni-Ti (49 to 51 of atomic % Ni), Ni-AI (36 to 38 of atomic % Al), Cu-AI-Ni (14 to 14.5 of mass % AI. 3 to 4.5 of mass 
% Ni), Cu-AI-Zn (38.5 to 41 .5 of mass % Zn. 2 to 3 of mass % Al), Cu-Sn (to 1 5 of atomic % Ni). In-TI (1 8 to 23 of atomic 
% Tl), Fe-Cr-Ni ( to 10 of mass % Cr, to 10 of mass % Ni). Fe-Mn-Si (28 to 33 of mass % Mn, 4 to 6 of mass % Si"), Au- 
Cd (46.5 to 50 of atomic % Cd). etc. More specifically, there are, for example. Ti-Ni (atomic ratio of 1 :1), Ti-Ni (atomic 
ratio of 49:51). Cu-AI-Ni (mass ratio of 81.7:14.1:4.2). Ti-Ni-Cu (atomic ratio of 5:4:1). Cu-Zn-AI (mass ratio of 
68:27.5:4.5). The shape-memory alloy is not limited to the above described examples. The temperatures for the trans- 
formation start of the alloys when the temperature falls are 60°C for Ti-Ni (atomic ratio of 1 :1). -30°C for Ti-Ni (atomic 
ratio of 49:51), 25°C for Cu-AI-Ni (mass ratio of 81 .7:14.1 Aj2), 50°C for Ti-Ni-Cu (atomic ratio of 5:4:1), and -105°C for 
Cu-Zn-AJ (mass ratio 6857.5:4.5). The temperatures for the transformation completion when the temperature rises are 
all 100°C or lower. Since the shapes of the alleys have been recovered at or below a temperature that is lower then the 
melting point (120°C to 160°C) of polypropylene, which is appropriate for a separator, and at which film polypropylene 
is shrunk by heat (about 120°C). these alloys are preferable for the present invention. 

Although there are both reversible and non-reversible shape changes for the shape-memory alloy, in a case where 
pressure is applied to the electrodes, which is one of the modes in the present invention, not only a shape-memory alloy 
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of non-reversible shape recovery but also a shape-memory alloy of reversible shape recovery can be used. When the 
shape-memory alloy of reversible shape recovery is employed, as long as its temperature for the transformation start 
when the temperature falls is the battery operating temperature (-30»C is the optimal) or lower, the shape is returned 
when the battery is actually operated and the shape that is obtained by applying pressure to the electrodes is maintained 
This shape-memory alloy is therefore adequately usable. 

The reversibility and non-reversibility of the shape change of the shape-memory alloy can be controlled by a thermal 
process at the time the alloy is deformed and is processed in the martensite phase. If the deformed and processed 
shape in the martensite phase is maintained, a non-reversible shape change is indicated. On the other hand when the 
deformed and processed state is restricted by applying external force and is heated to a temperature for the transfor- 
mation completion when the temperature rises, not only the shape of the mother phase but also the shape in the mar- 
tensite phase can be memorized, even though only partly, and the reversible shape change is indicated. 

A shape-memory resin has a distinct property in which a formation body that has been changed into an arbitrary 
shape memorizes its original shape and is returned to the original shape when it is heated to a predetermined temper- 
ature or higher. Glass transition of a resin and the fusion of micro crystals are employed for a shape recovery function 
A shape-memory resin must consist of a soft polymer chain, has a net structure with bridges, and also a structure 
where molecule movements are frozen or restricted at a specific temperature that is either room temperature or higher 
In a resin that has two phases, a crystal portion and a non-crystal portion, the non-crystal portion moves freely and the 
crystal portion acts as a bridge point in a temperature range, which indicates rubber elasticity, from the glass transition 
temperature Tg of the non-crystal portion to the melting point of the crystal portion. A shape-memory effect of this resin 
is that, when the resin is deformed and then cooled to the temperature Tg or lower, its shape is fixed by internal stress 
and when it is heated, it returns to its original shape because of the internal stress. 

First, the shape-memory resin is heated to a temperature that is higher than the glass transition temperature and 
is compressed to obtain a formed body having a specific shape A. Then, external force is exerted on the resultant body 
at a high temperature to deform the body and cause it to assume an arbitrary shape. The deformed body is cooled at 
room temperature and its shape is fixed at shape B. Although this shape B is maintained at room temperature once the 
formation body is heated to a temperature higher than the glass transition temperature, the resin is softened and is 
rapidly returned to the original shape B that is memorized. 

3 sna P e - memor y resin °e easily formed (the original shape can be provided) by a common plastic formation 
method (extrusion, compression, injection, etc.). the changed shape can be easily fixed by heating, deformation or 
cooling, and the amount of deformation can be large. A characteristic of the shape-memory resin is that the memorized 
shape recovery temperature is higher than normal temperature, and the deformation (natural recovery) can be ignored 
when it is kept under normal conditions. 

As examples of the shape-memory resins, there are polyurethane. polynorbornane. trans-1.4-polyisoprene" and a 
styrene-butadiene block copolymer. Polyurethane is acquired by polyaddition of polymerdiol and diisocyanate- polynor- 
bornane is acquired by ring-opening polymerization of norbornane monomer; trans-1 .4-polyisoprene is acquired by 
polymerization of isoprene monomer; and a styrene-butadiene copolymer is acquired by block polymerization of styrene 
monomer and butadiene monomer. 

The shape-memory resins can be used in the same manner as the previously described shape-memory alloys. 

(1) Pressure application to electrodes with an intervening separator 

H M ^i^ n< l 0n °- the shape-memory member for applying pressure to the electrodes in the battery case has been 

, Pnn ? P for 3 member whoSe is varied bv temperature. An example where the shape-memory 
member is employed as means for compressing electrodes will be explained 

^vI^T^u^ 0 ! Ti " Ni a " 0y (at ° mic fati0 01 1:1 > for rts transformation start when the temperature falls is 60'C 
il l w k 6r Nmit t- 30 " 0 ) <* ^ Seneral-purpose battery operating temperature range. When the shape- 
y ,^fl 96 r r erSibility ' preSSUre mat is applied b * ** shape-memory alloy to the negative electrodeTnd 
whenTSf m 3. b6 re,6aSed by me deformation <* tne shape-memory alloy due to temperature. Therefore. 

ffSJ * V 15 repeat6d,y USed across a ter 9 e temperature range, the shape-memory alloy must be non-reversible 
^StU <t lo * ^ession means need only be manufactured by employing the following procedures, for example; 
thl (f 0 ™^ °f 1:1) is cooled to 52-C or lower, which is its temperature for transformation completion when 

LTr^f 3 0386 electrodes ^er. the resultant battery is heated to 77«C or higher which is a 

hTn^ r l^? nS,0rmat l ri ?°^ ,eti0n " hen thS Mature rises, and the shape is expanded and toe snape in 
s buTuo^ *o ^^J" 0 * 16 : th8 Shape «** is so changed that it is subjected to pressurTtoat 
eveS Zn h ^T * T " aPP " eS 3 dSSired PreSSUre *° *• dectrodes - *»• *e change in toe shape is non- 
can^ maSJ I? 1 T V r 1Ure ' S ' ater drOPP6d betow 77 ° C ' *• shaDe in which Pressure is applied to toe dectrodes 
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As is described above, when the shape recovery function of a shape-memory alloy is employed as compression 
means, electrodes in a battery case need only be located at a shorter distance by an intervening separator while the 
shape of a shape-memory alloy plate is recovered. More specifically, the shape of an alloy, with which pressure is applied 
to electrodes perpendicularly to the faces of the electrodes, is memorized. Then, the alloy is compressed, for example. 

5 to easily store it in a battery case, and is stored with the laminated electrodes. A thermal process is performed at a 
temperature (temperature for transformation completion when the temperature rises), or higher, at which the alloy will 
recover and assume a memorized shape and which is lower than the melting point of the separator, so that the alloy 
recovers and assumes the shape that is memorized in advance. 

According to the present invention, a member that constitutes the compression means for compressing electrodes 

10 with an intervening separator can also be used as a battery case. A battery case is produced by using, for example, Ti- 
Ni alloy (atomic ratio of 49:51). and is cooled by using liquid nitrogen at -30°C or lower, which is a temperature for 
transformation completion when the temperature falls. The battery case is spread open by external force and before the 
temperature rises to room temperature, electrodes are quickly inserted therein. Then, the shape of the battery case is 
recovered, i.e., the battery case is narrowed, so that pressure is applied to the electrodes. 

is To obtain the effect of the present invention, if pressure may be locally applied to the electrodes when the member 
of the compression means recovers to its memorized shape, it is effective for a rigid member, such as a stainless steel 
plate or a titanium plate, to be located at least between the above member and the laminated electrodes to disperse 
pressure. The performance of a battery can be prevented from being deteriorated due to the local shape change. 

20 (2) Electric connection and disconnection between battery input/output terminals and battery internal electrodes 

An explanation has been given, by referring to Figs. 2A through 2C. Figs. 3A through 3C and Figs. 4A through 4C. 
for the operational principle of a function of a shape-memory member that performs electric connection and disconnection 
between a battery input/output terminal for a positive electrode and the positive electrode in a battery, and/or between 

25 a battery input/output terminal for a negative electrode and the negative electrode in the battery. More specifically, when 
the shape-memory member is employed as means for electrically connecting the battery input/output terminal for a 
positive electrode to the positive electrode in the battery, and/or for electrically connecting the battery input/output ter- 
minal for a negative electrode to the negative electrode in the battery, the shape-memory member need only to be 
provided as a member shown in Figs. 2A through 2C whose shape is varied by temperature. That is, in the same manner 

30 as in the case where the shape-memory member is employed as means for compressing the electrodes, the shape- 
memory member need only memorize the shape with which pressure is applied, so that the battery input/output terminal 
few a positive electrode can be electrically connected to the positive electrode in the battery and the battery input/output 
terminal for a negative electrode can be electrically connected to the negative electrode in the battery. In the structure 
shown in Figs. 2A through 2C f the electric connection and disconnection is possible, and at the same time the distance 

35 between the electrodes can be changed with the intervening separator. In addition, the electrode lead tab 207 can also 
be used as a pressure dispersion member. 

Further, in a case where the shape-memory alloy is employed to electrically connect the battery inputfoutput terminal 
for a positive electrode to the positive electrode in the battery, and/or the battery input/output terminal for a negative 
electrode to the negative electrode, a bidirectional shape-memory alley can be employed. This shape-memory alloy is 

40 so set that it releases pressure, which is applied at contact areas for the battery input/output terminals and the electrodes 
or the electrode lead tab, at a temperature that is less than the melting point of the separator (e.g., 120°C when the 
separator of polypropylene is employed) and that performs electric disconnection between the battery input/output ter- 
minal for a positive electrode and the positive electrode in the battery, and/or between the battery input/output terminal 
for a negative electrode and the negative electrode in the battery. Before the safety valve is actuated by increasing the 

45 temperature in the battery due to overcharging and by decomposing an electrolytic solution, such a bidirectional shape- 
memory alloy can disconnect the battery input/output terminals from the positive electrode and from the negative elec- 
trode (break the current f low path). 

The shape-memory alloy has electronic conductivity. When a battery case serves as one of the input/output terminals 
to electrically connect its internal case to the electrodes in the battery case without using a tab, the structure becomes 

so simple and the shape-memory alloy is very appropriate for improving productivity. Therefore, as is shown in Figs. 3A 
through 3C, by using the member that compresses the electrodes, the battery input/output terminal for a positive elec- 
trode is brought into contact with the positive electrode in the battery, and/or the battery input/output terminal for a 
negative electrode is brought into contact with the negative electrode to provide an electrical connection. 

To obtain electric continuity (a continuous electric connection) by means of pressurized contact, to reduce contact 

55 resistance, it is more preferable that a coating of a soft conductor, such as gold, silver, indium, tin or solder, be applied 
to portions where the battery input/output terminals, the shape-memory alloy that constitutes compression means, and 
a collector of the negative and positive electrodes come into contact. 



11 



EP 0 700 109 A1 



(3) Control of actuation of safety valve 



The operational principle for a function where the shape-memory member controls the actuation of the safety vah/e 
in consonance with a temperature in the battery is the same as the principle for the member shown in Figs. 5A through 
5D and Figs. 6A through 6C whose shape is varied by temperature. That is. when the shape-memory member is used 
as means for controlling the actuation of the safety valve in consonance with the temperature in the battery, the shape- 
memory member need only be provided as a member that is shown in Figs. 5A through 5D whose shape is varied by 
temperature. In other words, as in the case where the shape-memory member is used as electrode compression means, 
the shape-memory member need only memorize in advance the shape in which the actuation of the safety valve is 
controlled in consonance with the temperature in thee battery. However, some means is necessary so that the safety 
valve is not actuated at the same temperature as that at which the shape is changed to compress the electrodes in the 
battery (more specifically, perpendicular to the faces of the electrodes in Figs. 1 A and 1 B). but is actuated at a higher 
temperature (e.g.. 120°C). For example, a member that is different from the shape-memory member for compression 
means and that recovers its shape at a higher temperature is used as means for controlling the actuation of the safety 
valve. The bidirectional shape change need only be memorized by the portion that controls the actuation of the safety 
valve. That is. since the shape-memory member is used as a member for controlling the actuation of the safety valve, 
it is possible to provide a highly reliable battery that can actuate the safety valve in consonance not only with the internal 
pressure of the battery but also with the temperature in the battery. 



(4) Facilitation of after-use recycling 



In the present invention, when as a material for compression member, an alloy, such as Ti-Ni (atomic ratio 49:51) 
is employed that has a temperature for a transformation start when the temperature falls that is equal to or below the 
lower limit of the battery operating temperature (e.g.. -30°C), and when its shape change is reversible, it is effective not 
only when pressure is applied to the electrodes but also when the used battery is collected and the electrodes are 
removed from the battery case as previously described. 

The shape in which the electrodes and the separator are easily removed, for example, the shrunken shape, is 
memorized to the reversible shape-memory alloy on the lower temperature side. To disassemble the battery, it is cooled 
to a temperature for a transformation start when the temperature falls, or lower, but preferably, to a temperature for 
transformation completion when the temperature falls, or lower. Then, the shape of the compression means is shrunk 
and the electrodes can be easily removed. 

(Non-reversible volume expansion material) 

A material whose volume is expanded non-reversibly at a predetermined temperature can be used as a member 
whose shape is changed at a desired temperature and which is used as the compression means of the present invention. 
As one example there is a material that generates a gas and is expanded when heated, and does not return to its original 
shape. 

Further, a member, employed for the present invention, that generates a gas and expands and then maintains that 
expanded shape, regardless of the temperature, must generate gas at a temperature below the melting point of the 
separator. If it does not generate gas until the temperature reaches the melting point of the separator or above, the 
separator is melted and does not function as a separator before the effect of the present invention is acquired. In other 
words, the active material is prevented from being transferred between the negative electrode and the positive electrode, 
the internal impedance of the battery is extremely increased, and the effect of the present invention is not satisfactory.' 

In the present invention, as a member that generates gas and expands by heating at a temperature that is lower 
than the melting point of the separator and is not returned to its original shape, there is a member wherein a material 
that generates gas at a predetermined temperature below the melting point of the separator is dispersed as a foaming 
matenal in a resin. Or. a material that generates gas at a predetermined temperature below the melting point of the 
separator is sealed in a material that is shaped like a balloon as the volume of gas. etc.. is increased. 

The examples for a material employed for the present invention that generates gas by heating are: inorganic foaming 
matenal. such as ammonium hydrogencarbonate. ammonium carbonate, sodium hydrogencarbonate, ammonium nitrite 
and sodium borohydride, azobisisobutyronitriie. 5-moehorile-1 ,2.3.4-chiatriazole; and various hydrogen-storing alloys 
such as Pa and a Pa alloy. It is preferable that the temperature at which gas is generated by heating the material be 
1 1 5°C or lower. This temperature is below the melting point of polyolef in. such as polypropylene or polyethylene that is 
generally employed for a separator in a lithium secondary battery. The resin examples that disperse as foaming agents 
a material that is heated and generates gas are polyolef in that does not react with an electrolytic solution, fluorocarbon 
polymers, silicone resin, urethane that is highly bridged, and an epoxy resin. It is preferable that gold powder that has 
high heat conduction be added to increase the heat conductivity. Thus, gas is more easily generated. As expansion/com- 
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pression materials that seal in a gas generating material and that expand like a balloon, various rubbers or superplastic 
metals, such as titanium-aluminum alloy, can be employed. 

Of course, the separator of the present invention is not limited to polypropylene or polyethylene. A materia! that 
generates gas and expands at a temperature lower than the melting point of an employed separator need only be properly 
5 selected. 

(1 ) Pressure application to electrodes with an intervening separator 

The function in which a member that generates gas, etc., by heating, is expanded and is not returned to its original 

10 shape applies pressure to the electrodes in the battery is the same as the operational principle of the member whose 
shape is varied by temperature. That is, a material that generates gas by heating, is expanded and is not returned to its 
original shape need simply be positioned as is the member whose shape is varied by temperature in Figs. 1 A and 1B. 
Some means are required at the following points. 

The material thsrt is decomposed by heating, generates gas, is expanded and is not returned to its original shape 

15 is inserted into a battery case the electrodes. Then, through a heating process, the member generates gas at a tem- 
perature lower than the melting point of the separator and is expanded, and pressure can thus be applied to the elec- 
trodes. Since gas, such as carbon dioxide and water, is generated, it is preferable that, to manufacture a tightly sealed 
battery, tight sealing be conducted after the decomposition by heating and the gas generation. Or, it is preferable that a 
gas escape valve be provided that it is reset after the gas escapes. It is more desirable that an electrolytic solution be 

20 injected after the compression means is expanded and pressurizes the electrodes. 

When lithium is contained in the negative electrode active material, and when water is generated during the gas 
generation of the member that is decomposed by heating and generates gas. it is preferable that an electrolytic solution 
be injected into a cell after the gas is generated, for example, after a thermal process is performed under reduced 
pressure and a dehydration process is thoroughly performed, because an adverse effect due to water can be eliminated. 

25 It is more preferable for a partition wall, such as a porous ceramic, through which gas generated at the heating 
process can be transmitted to be provided, in order to attain the target pressure by preventing the member that is 
expanded during the heating process from escaping into a vacant space in the battery. 

(2) Electric connection between battery input/output terminals and internal battery electrodes 

30 

As in the case where the shape-memory member is employed, in the case where the member that generates gas 
and expands by heating and does not return to its original shape is employed, electric continuity is possible between 
the battery input/output terminal for a positive electrode and the positive electrode of the battery, and/or between the 
battery input/output terminal for a negative electrode and the negative electrode of the battery. 
35 That is, when the aforementioned shape-memory member is replaced by the material shown in Figs. 2A through 
2C and Figs. 4A through 4C that generates gas by heating, is expanded and is not returned to its original shape, satis- 
factory pressure application and contact is provided by generating gas by heating and expanding its volume, and the 
battery input/output terminal for a positive electrode can be electrically connected to the positive electrode and/or the 
battery input/output terminal for a negative electrode can be electrically connected to the negative electrode in the battery. 

40 

(3) Control of actuation of safety valve 

The principle for the above described member whose shape is varied by temperature can also be applied when a 
member that is expanded due to the generation of gas, etc.. by heating and is not returned to its original shape is 

45 employed as a member for controlling the actuation of the safety valve in consonance with the temperature in a battery. 
That is, when the member that is expanded by gas generation by heating and is not returned to its original shape is 
employed as means for controlling the actuation of the safety valve in consonance with the temperature of the battery, 
that member need only be positioned as is the member 508 shown in Figs. 5A through 5D whose shape is varied by 
temperature. In other words, that member need only be positioned in the same manner as in the case where the shape- 

so memory member is used as means for controlling the actuation of the safety valve. At this time, however, some means 
is required to actuate the safety valve, not at the same temperature as for the shape change for compression of the 
electrodes in the battery (more specifically, perpendicular to the faces of the electrodes in Figs. 1 A and 1B), but at a 
higher temperature (e.g., 1 20°C). For example, as means for controlling the actuation of the safety valve, such a material 
is employed that generates gas at a different, higher temperature than that of the material which is expanded due to gas 

55 generation by heating and is not returned to its original shape. 

That is, since such a member is employed that is expanded due to the generation of gas, etc., by heating and is not 
returned to its original shape, it is possible to provide a more reliable battery wherein a safety valve can be actuated in 
consonance not only with the internal pressure of the battery but also with the internal temperature of the battery. 
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(Elastic body that has a stopper function for restricting its elastic force) 

The compression means of the present invention can be constituted by, for example, a stopper that is formed of a 
material whose shape is varied by temperature and an elastic body. 

The elastic body can be. for example, a common coil spring that is made of metal, such as stainless steel wire 
piano wire, spnng steel products and ceramics material, such as silicon nitride, a leaf spring, or another well known" 
elastic body. Preferably, the material of the elastic body does not react with battery components, especially, an electrolytic 
solution. When a material will react with an electrolytic solution, it is coated with a resin (fluorocarbon polymers etc ) 
that is not affected by an electrolytic solution to provide for that material the withstandability property relative to the 
electrolytic solution. 

A material that can release the stopper function at a predetermined temperature, i.e.. that can release the elastic 
force of the elastic body, is employed as a material for a stopper. Organic polymer material that includes shape-memory 
polymer that is melted and deformed, metal with a low melting point, or a shape-memory alloy are example materials 
When the shape-memory member is used as a stopper, the shape is recovered by heating and a shape by which the 
stopper function is released need only be memorized. In other words, it is only required that before its shape is recovered 
the shape-memory member function as a stopper for releasing the elastic force of the elastic body. After its shape has 
been recovered, the member loses the function. 

The function of the elastic body that has a stopper means that can be released at a predetermined temperature will 
now be described. 

(1) Pressure application to electrodes 

An explanation will be given for an example where an elastic body that includes releasable stopper means is 
employed and the stopper is released at a predetermined temperature to apply pressure to the electrodes. 
, _T ,£ !f - 7A and 78 are schematic cros s sectional views of a battery for explaining a mechanism for compressing 
electrodes in a battery case when controllable (releasable) stopper means and an elastic body 705 are employed for 
applying compression to a positive electrode 702 and a negative electrode 701 . Reference number 701 denotes a neg- 
ative electrode; 702. a positive electrode; 703. a separator; and 704. a battery case. The elastic body 705 applies pres- 
sure between the positive electrode 702 and the negative electrode 701 . and a stopper 706 is formed of a member 
whose shape is varied by temperature. The elastic body 705 and the stopper 706 constitute the compression means of 
the present invention. An insulator 707 is employed to ensure electric separation from the battery case 704 etc 

In Fig. 7A. a schematic cross sectional view of a battery before pressure from the elastic body is released by the 
stopper, the electrodes are inserted into the battery case 704 with the elastic body (compression means) 705 that has 
the elasticity releasable stopper means 706. while the negative electrode 701 and the positive electrode 702 are located 
opposite each other with the separator in between. In Fig. 7B. a schematic cross sectional view of a battery after the 
f)reS !^, e ^ 0m u t SlaStiC b ° dy has been releas «l by the stopper, while the electrodes and the compression means are 
inserted into the battery case, the resultant structure is passed through at a temperature where the shape of the Stopper 
706 is changed. When the shape of the stopper 706 is thereby changed and the pressure from the elastic body 705 is 
released, the electrodes (the positive and the negative electrodes 702 and 701) are pressurized by the elastic body 705 
and the volume of the electrodes is reduced. 

m ™ en tj 16 shape-memory member is used as the stopper 706..only the same material and the same manufacturing 
method need be employed as when the shape-memory member is used as compression means 

ff pressure is applied locally to the electrodes when the stopper is released after the electrodes have been stored 
angjd meniber such as a stainless steel plate or a titanium plate, need only be located at least between the elastic 
oody 705 and the laminated electrodes to disperse pressure. 

(2) Electric connection and disconnection of battery input/output terminals and battery internal electrodes 

S' fcr ^ nct T » e e,as «c body 705 and the stopper means 706 that can released elastic force of the 
TJZZ^IZ PS eleCtric connection and disconnection between the battery input/output terminal for a positive 
etecfrode and the positive electrode 702 in the battery, and/or the battery input/output terminal for a negative electrode 
SJZ V^^i e f tr0de 701 * e tettery - More specify, when the stopper means 706. which can release the 
bS^SiSi^ ^I? 5 - ^ tHe el3StiC ^ 705 3re enJ ^ ed as means for electrically connecting the 
S2£Z£ !; "J '"Put/output terminal to the positive electrode 702 and for electrically connecting the battery neg- 

706 need only be located as .s the member 205 shown in Figs. 2A through 2C whose shape is varied by temperature 
™l' n . * e ^emanner as when the elastic body that has the releasable stopper means is used as means for 
compressing electrodes, the shape of the elastic body is changed into such a shapethat. when the stopper is reused 
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the battery input/output terminal for a positive electrode can be electrically connected to the positive electrode in the 
battery, and/ore the battery inputfoutput terminal for a negative electrode can be electrically connected to the negative 
electrode. 

As a stopper of an elastic body that has a releasable stopper means to electrically connect the battery positive-side 
5 input/output terminal to the positive electrode, and/or to electrically connect the battery negative side input/output ter- 
minal to the negative electrode, a bidirectional shape-memory alloy can be employed. This alloy is so set that pressure 
applied to a contact area of the battery input/output terminals and internal electrodes of the battery, or the electrode 
lead tab is released at a temperature less than the melting point of the separator (e.g., 120°C when the separator is 
polypropylene) and the battery input/output terminal for a positive electrode is disconnected from the positive electrode, 
10 and/or the battery input/output terminal for a negative electrode is disconnected from the negative electrode. With the 
employment of the bidirectional shape-memory alloy, the electric connection between the battery positive-side input/out- 
put terminal and the positive terminal of the battery, and/or between the battery negative-side input/output terminal and 
the negative terminal of the battery can be cut off in consonance with the temperature. Further, before the safety valve 
is actuated, the electric disconnection can be performed (a conductive path is interrupted). Therefore, a more reliable 
is secondary battery can be provided. 

(3) Controlling actuation of safety valve 

The aforementioned principle for the member whose shape is varied by temperature can also be applied to an 
20 operational principle for a function where an elastic body, which has stopper means that can release the elastic force of 
the elastic body, controls the actuation of the safety valve in consonance with the temperature in the battery. That is. 
when the elastic body that has the releasable stopper means is employed as means for controlling the actuation of the 
safety valve in consonance with the temperature in the battery, the shape-memory member is replaced by that elastic 
body, which is then located as is shown in Fig. 5A. At this time, however, some means is required to release the stopper 
25 and to actuate the safety valve, not at the same temperature as for the shape change for compression of the electrodes 
in the battery (more specifically, perpendicular to the faces of the electrodes in Figs. 1 A and 1 B), but at a higher tem- 
perature (e.g., 120°C). For example, as means for controlling the actuation of the safety valve a stopper is used that is 
released at a higher temperature than the temperature at which the stopper is released that is used for means for 
compressing the electrodes perpendicular to the faces of the electrodes. 
30 That is, since an elastic member that has stopper means that can release the elastic force of the elastic member is 
used to control the actuation of the safety valve, it is possible to provide a more reliable battery wherein a safety valve 
can be actuated in consonance not only with the internal pressure of the battery but also with the internal temperature 
of the battery. 

35 (4) Facilitation of after-use recycling 

In the present invention, for the facilitation of the disassembly of a battery, the function of a shape-memory alloy is 
used to release the pressure applied to the positive and the negative electrodes. For example, a bidirectional element 
that has a temperature (e.g., -30°C) lower than the battery operating temperature, and the combination of a unidirectional 

40 shape-memory alloy Ti-Ni (atomic ratio 49:51 ) and a bias spring can function to release the pressure on the electrodes. 
Thus, the positive electrode, the negative electrode, and the separator, all of which are battery members, can be easily 
removed from the battery case, and the collection and recycling of the source is facilitated. 

The shape in which the electrodes can be easily removed, for example, the shape in which pressure on the electrodes 
is released by expansion, is memorized by the reversible shape-memory alloy on the lower temperature side. To disas- 

45 semble the battery, it is cooled to a temperature for a transformation start when the temperature falls, or lower, preferably, 
to a temperature for transformation completion when the temperature fails, or lower. Then, the shape of the stopper that 
controls the elastic force of the elastic body is expanded and the pressure to the electrodes is released, so that the 
electrodes can be easily removed. 

so (Location of electrode compression means) 

The location of the electrode compression means will now be explained while referring to Figs. 8A through 8D. Figs. 
8A through 8D are schematic cross sectional views of a battery for indicating the location of electrode compression 
means for which a member whose shape is varied by temperature is employed. In Figs. 8A through 8D, reference number 
55 801 denotes a negative electrode; 802, a positive electrode; 803, a separator; 804, a battery case; and 805, a member 
that constitutes the compression means. The compression means of the present invention may be located between the 
outermost electrodes and the internal wall of the battery case 804, as is shown in Fig. 8A, between the electrodes, as 
is shown in Fig. 8B, or in the center of the battery case, as is shown in Fig. 3C, or the battery case itself may serve as 
compression means, as is shown in Fig. 8D. 
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In short, the compression means should be located at a position where it can compress the electrodes perpendicular 
to the faces of the electrodes as the shape is changed by temperature. That is, the compression means may be provided 
between the battery case and the electrode, the electrodes may be located between the compression means and the 
internal wall of the battery case, or the battery case itself may also serve as the compression means. 

To acquire the effects of the present invention, it is effective from the view of the increase of applied pressure that 
the above described member be located at not a single position but at a plurality of positions, for example, between the 
battery case and the outermost surface of each laminated electrode. 

Since the above member is used as a member that constitutes the compression means of a lithium battery, a com- 
plete dehydration process is required. Usually, the dehydration process is carried out by preforming a thermal process 
under a lower pressure, tf the memorized shape (before the compression means is stored or inserted in the battery 
case) is changed at this time, the effects of the present invention can not be acquired. It is therefore desirable in this 
present invention that the dehydration process be performed before the member whose shape is varied by temperature 
begins changing shape. 



(Compression equalization means) 



The present invention employs compression equalization means in addition to compression means that is intended 
to further equalize pressure that is applied by the compression means. 

In other words, another feature of the present invention is that it has compression equalization means that equalizes 
pressure that is exerted by the compression means. By equalizing the pressure applied to the electrodes, the dendrite 
growth of lithium is seldom caused. Even if the surfaces of the electrodes are rough, pressure can be uniformly applied 
to the electrodes by the compression means and the size of the battery can be easily increased. 

The compression equalization means used in the present invention will be specifically explained. A member that 
shows its flowability at a temperature lower than the mefflng point of the separator and that does not react with the 
electrolyte or the electrolytic solution, or is processed that it does not react with it is appropriate as a member for the 
compression equalization means of the present invention. 

According to the present invention, the compression equalization means is made of a member that shows its flow- 
ability at a temperature lower than the melting point of the separator and that does not react with the electrolyte or the 
electrolytic solution, or is so processed that is does not react with it Since such a compression equalization means is 
located with the compression means, a sufficient pressure can be exerted for the lamination of the positive and the 
negative electrodes with the intervening separators. The reason will be described while referring to Figs. 9A and 9B. 

Figs. 9A and 9B are schematic cross sectional views of a battery for explaining the mechanism of the compression 
equalization means of the present invention. Reference number 901 denotes a negative electrode; 902, a positive elec- 
trode; 903, a separator; 904, a battery case; 905, compression means; 906, compression equalization means; 907 an 
insulator; and 908. raised and recessed portions on the surfaces of the electrodes. 

Fig. 9A is a schematic cross sectional view of a battery before pressure is equally applied. While the negative 
electrode 901 and the positive electrode 902 face each other with the separator 903 in between, the electrodes are 
inserted into the battery case 904 with the compression means 905 and the compression equalization means 906 Rg 
9B is a schematic cross sectional view of a battery when the pressure is equally applied to the electrodes (positive and 
negative electrodes). A material for the compression equalization means 906 is fluidized and evens the raised and 
recessed portions of the electrodes. The structure is heated to a temperature (at which the shape of the member for the 
compression means is changed) that is equal to or higher that at which the pressure is applied, and the pressure equal- 
ization is accomplished. In other words, the pressure applied state is uniform regardless of the uneven surfaces of the 
electrodes. 

For the above reason, the pressure that is applied perpendicular to the faces of the electrodes (both positive and 
negative electrodes) can be equalized. Further, according to the present invention, the compression equalization function 
can be added to the compression means. In such an example compression means, a resin that contains a foaming 
agent is employed. 

The compression equalization means can function also for the charging and discharging of a battery when the 
material of the means is selected properly. More specifically, when pressure is not sufficiently applied to the negative 
electrode and the positive electrode, both of which are opposite each other with the separator intervening, but is applied 
to the local portion, the impedance of the local portion is reduced. Thus, when the battery is charged and discharged 
sometimes a current flows first to that portion, and thus the temperature at that portion becomes higher than that at the 
other Portions. Then, a member, at the portion where the temperature is increased, that shows flowability at a temperature 
tower than the melting point has reached its softening point That member is then fluidized and flows on the opposite 
face in a direction in which pressure escapes. 

Since all the members are not fluidized, the members located between the outermost electrodes and the battery 
^ S L 1 no * been f luidized - Further . nuMzed member avoids a little pressure, the strength of the electric field 
is reduced and a current density is lowered, so that the temperature rise is suppressed and f lowability is stopped By 
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repeating the above processes, the pressure applied to the electrodes becomes constant. Equalized compression when 
a battery is used can be realized between the negative electrode and the positive electrode that are laminated with the 
separator, and as a result, the service life of a battery is extended. When there is no portion where a current flows on 
priority, the compression equalization means is not fluidized during the charging and discharging of the battery. Since 
the member for that compression equalization means does not react or is so processed that it does not react with an 
electrolytic solution, the charging and discharging characteristic of a secondary battery is not adversely affected. 

Appropriate material that forms the compression equalization means is polyethylene macromolecule or micromol- 
ecule wax. etc.. that shows its f lowability at a temperature that is the melting point of the separator or below, e.g.. 1 00°C 
or below. Since the macromolecule generally has excellent resistance to an organic solvent, it is very stable relative to 
the electrolytic solution employed in the lithium secondary battery, etc.. and is fluidized in the battery operating temper- 
ature range. 

When poiystylene. poly (vinyl chloride), etc.. that is fluidized approximately at 85°C is employed as a member that 
is fluidized at a temperature that is less than the melting point of the separator of the present invention, an insoluble 
process relative to an electrolytic solution must be performed on this material because this material is directly melted in 
an electrolytic solution as it is used. There are insoluble means that are provided by lamination of a material that is stable 
in an electrolytic solution, or by performing a bridge process. 

A member that constitutes the compression equalization means must be fluidized at a temperature below the melting 
point of the separator. If the compression equalization means is not fluidized until the temperature reaches the melting 
point of the separator or higher, the separator is melted first before the member begins to fluidize and applies uniform 
pressure to the laminated negative and positive electrodes with the intervening separator. The transfer of the active 
material between the negative electrode and the positive electrode is interrupted, the internal impedance of the battery 
is extremely increased, and as a result, the effect of the present invention can not be acquired. 

It is preferable that the member that constitutes the compression equalization means be located between the com- 
pression means and the electrodes. For example, with a desired thickness obtained by mutual adhesion or coating, the 
member can be located at the face of the outermost electrode that is opposite to the compression means, or at the face 
of the compression means that is opposite the eleGtrodes. 

Conventional coating methods, such as blade coating, bar coating, roll coating, or dip coating, can be employed. 
When the bar coating method is employed to cover the member and locate it. a paste is made by using a solvent such 
as xylene, and a member that is fluidized at a temperature below the melting point of the separator is covered with that 
paste to a desired thickness. Then, the drying and heating process is performed on that member. 

In addition, at the outermost portion of the laminated positive and negative electrodes with the intervening separator, 
a member that is fluidized at a temperature below the melting point of the separator may be located before the electrodes 
are laminated or before the electrodes are manufactured. 

The other members that are employed for the lithium secondary battery of the present invention will now be 
described. 

Negative electrode material 101 

The negative electrode of the present invention can be lithium metal, lithium alloy, graphite, or various types of 
carbon materials. A lithium alloy example is an alloy of lithium and aluminum, magnesium, potassium, sodium, calcium, 
zinc, or lead. 

Separator 103 

The separator of the present invention requires a function for preventing a short-circuit between the negative elec- 
trode and the positive electrode. When an electrolytic solution is employed, a function for holding that solution is also 
needed. It is necessary for the separator to have small pores through which ions (lithium ions) that affect battery reactions 
can be transferred, and to be insoluble and stable relative to an electrolytic solution. Thus, non-woven fabric of glass, 
polypropylene, polyethylene or f luorocarbon polymers, or a material having a micropore structure may be employed. 

In addition, metal oxide film that has micropores or resin film obtained by compounding metal oxide are proper. 

Positive electrode material 102 

The positive electrode of the present invention is formed on a collector by mixing a positive electrode active material, 
conducting auxiliary agent, and a coupling agent, and adding a solvent if necessary. Appropriate positive electrode active 
material is a layered material wherein a lithium is inserted: a metal oxide, such as nickel oxide, cobalt oxide, iron oxide, 
titanium oxide, vanadium oxide, molybdenum oxide, chromium oxide, and tungsten oxide; a metal sulfide, such as molyb- 
denum sulfide, iron sulfide, or and titanium sulfide; a hydroxide, such as iron oxyhydroxide; or a conductive polymer, 
such as polyacetylene. polyolefin, polypyrrole, and polyaniline. 
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When the conductivity of the positive electrode active material is insufficient, an auxiliary conducting material is 
added as needed to improve the electronic conductivity of the positive electrode and to improve the collection power of 
the positive electrode. An appropriate material is carbon powder, such as acetylene black, ketfen black, or graphite; or 
a metal powder, such as nickel, titanium, copper, and stainless steel. It is preferable that the ratio of mixture to the active 
material be 1 :1 or lower to prevent the reduction of the positive electrode energy density and to ensure adequate elec- 
tronic conductivity in the positive electrode. 

The addition of a powder, as the conducting auxiliary material, that has electronic conductivity has been described 
as an example. When a small amount of a conducting auxiliary agent in a needle shape, of fabric, or in a flake shape is 
further added, the member is more effective for increasing the strength of the electrodes and for increasing electric 
collection power. 

The coupling agent is properly used to couple the active materials when compression is insufficient for the formation 
of the positive electrode active material, and to prevent the active material from falling from the collector due to the 
occurrence of cracks during the charging/discharging cycle. The coupling agent is, for example, f luorocarbon polymers, 
polyethylene, polypropylene, silicon resin, or ethylene-butadiene-polymer, all of which are stable relative to an electrolytic 
solution. 

Electrolytic solution 



An electrolyte is used as it is. Or, an electrolytic solution or one that is fixed by adding a gel agent such as polymer 
to an electrolytic solution is used. Usually, an electrolytic solution where an electrolyte is dissolved in a solvent is retained 
in the separator. 

As an electrolyte, a salt that consists of lithium ions or Lewis acid-base ions (BF 4 ~, PF 6 ", AsF 6 ~, CI0 4 ~, CF3SO3". 
B(CH 6 H 5 ) 4 ) or a mixture of them may be used. Aside from the above materials, a salt that consists of positive ions! 
such as sodium ions, potassium ions, and tetraalkylanmonium ions; or Lewis acid-ions can be used, it is desirable that 
a complete dehydration process and a deoxygenation process, such as heating and drying under reduced pressure be 
performed on the above salts before they are used. 

As an appropriate solvent for an electrolyte, acetonitrile. benzonitrile, propylenecarbonate. ethylenecarbonate. 
dimethylcarbonate. diethylcarbonate. dimethylformamide, tetrahydrofuran, nitrobenzene, dichloroethane. diethox- 
yethane, chlorobenzene. rbutyl lactone, dioxsoian, sulforan, nitromethane, demethylsuHaide, dimethoxyethane. meth- 
ylformate. 3-methyl-2-oxazolizine, 2-methyltetrahydrofuran, 3-propylsydnone, sulfur dioxide, phosphoryl chloride, thionyl 
chloride, or sulfuryl chloride, or a liquid mixture of these may be used. 

It is preferable that, before use, a dehydration process be performed on the solvent using active alumina, molecular 
sheave, phosphorus pentoxide, or calcium chloride, or an inactive gas, distillation, elimination of impurities, and dehy- 
dration process be performed on some solvents with coexisting alkaline metal. 

To prevent leakage of the electrolytic solution, it is desirable that the solution be gelled. The preferable gelling agent 
is a polymer that absorbs the solvent of the electrolyte solution and expands. For such a polymer, polyethyleneoxide, 
poly (vinyl alcohol), or polyacrylamide can be employed. 

An electrolyte or an electrolytic solution having a higher conductivity is better. Preferably, its conductivity should be 
at least 1x10 3 s/cm at room temperature (25°C), and more preferably, 5 x 1 0~3 s/cm. 

Collector 



A collector for the negative electrode and for the positive electrode must be a material that has electronic conductivity. 
Carbon, stainless steel, titanium, nickel, copper, platinum, or gold can be used. 

Battery case 104 



When the external housing, which is a battery case, serves also as an output terminal, a metal such as stainless 
steel can be used. In other cases, a plastic resin material can be used that does not react with the components inside 
the battery case, especially, the electrolytic solution. 

Method for manufacturing a secondary battery 

In the method for manufacturing a secondary battery of the present invention, in a dehumidified atmosphere at 
least one negative electrode, one positive electrode, one separator, and one member whose shape is changed by tern- 
perature are inserted in a battery case, and a process is performed whereby the resultant structure is at least passed 
through at a temperature that is different from that during the insertion (e.g„ a temperature at which the shape of the 
member is changed) and that is lower than the melting point of the separator. Secondary batteries that have great 
charging/discharging power can be easily and consistantly manufactured. 
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The manufacturing method of the present invention is characterized by the inclusion of a step of performing a com- 
pression function by passing the structure through a predetermined temperature, and a step of accomplishing the com- 
pression equalization function. 

When a temperature at which the compression means functions is lower than room temperature, dew formation 
5 occurs, which results in a reduction in the performance of a lithium battery. To prevent the dew formation, the assembly 
of a battery must be performed in the dehumidified atmosphere until the sealing step is completed. 

The preferred lithium battery of the present invention is assembled by the following method. The assembly is per- 
formed in an atmosphere where lithium, the active material, does not react with water, e.g., in dry air from which water 
hash been completely removed, or in an inactive gas. A negative electrode and a positive electrode, each of which has 
w an electrode lead tab that is made in advance, are laminated with a separator. The electrodes and a member whose 
shape is varied by temperature are inserted into a battery case as force is applied externally. A thermal process is 
performed to change the shape of the member, and an electrolytic solution is injected. Following this, a cap is attached 
to the resultant structure, which Is then tightly sealed by laser sealing. 

When a shape-memory member is used as the compression means, it can effect a satisfactory compression function 
is through a thermal process at a temperature at which the memorized shape is recovered. When a member that is 
expanded by heating is used as the compression means, a thermal process must be performed on the member at a 
temperature at which the member is expanded, or higher, and that is below the melting point of a separator. Further, 
when the elastic body that has } a releasable stopper function is used, such a process is required whereby the elastic 
body is passed through in the temperature range where the stopper is released. 
20 By performing the process for a temperature where the compression mechanism, or both the compression mech- 
anism and the compression equalization mechanism, are fully actuated, sufficient compression to the electrodes from 
the inside of the battery, which is not conventionally acquired, can be provided. 

The method for manufacturing the battery of the present invention will now be described in detail while referring to 
Fig. 10. 

25 Fig. 10 is a schematic cross sectional diagram illustrating a lithium secondary battery wherein a member of the 
present invention whose shape is varied by temperature is employed for means for compressing the faces of the positive 
and negative electrodes from the inside of the battery (specif ically. perpendicular to the electrode). In Fig. 10, reference 
numbers 1001 denote negative electrodes; 1002, positive electrodes; 1003. separators; 1004, a battery case; 1005, 
collectors; 1006. battery input/output terminals; and 1007, members whose shapes are changed by temperature: An 

30 example of a manufacturing method will be described. Of course, the method of the present invention for producing a 
lithium secondary battery is not limited to the following example. 

The lithium secondary battery according to the present invention can be provided by. for example, the following 
procedures. Lithium foil of the negative electrode is attached to nickel foil, which is a negative electrode collector, and 
the resultant structure is employed as a negative electrode. For the positive electrode, first, electrolytic manganese 

35 dioxide and lithium carbonate are mixed together at a predetermined molar ratio. The mixture is then heated at 800°C 
in the atmosphere for eight hours and manganese dioxide that contains lithium is produced. Then, the lithium-containing 
manganese dioxide, a coupling agent (a resin, such as poly(vinylidene fluoride), that is insoluble to an organic solution), 
and a conducting auxiliary agent (conductive powder, such as acetylene black) are mixed well at a predetermined weight 
ratio. Then, an organic solution, such as N-methylpyrrolidone is employed to make the paste of the mixture. Sequentially. 

40 the nickel foil that is a positive electrode collector is covered with that paste at a predetermined thickness by, for example, 
the bar coating method, and the resultant structure is dried in the atmosphere. A thermal process is performed at a 
predetermined temperature and under a reduced pressure to couple the lithium-containing manganese dioxide positive 
electrode to the positive electrode collector, which is in turn employed as a positive electrode. In addition, it is effective 
to press this positive electrode later to improve the collection of electricity. The molar ratio, the weight ratio, and the 

45 temperature for the thermal process may be properly set, considering materials that are used and a battery characteristic. 
The negative electrode and the positive electrode that are thus produced by the above described method are sep- 
arated at a predetermined size by, for example, cutting. Then, by spot welding, a conductor made of nickel foil, etc., is 
electrically connected as a lead electrode to each of the electrode. It should be noted that the assembling process is 
performed in the dehumidified atmosphere. 

so The compression means is manufactured by giving a shape-memory power to a Ti-Ni (1 :1 at %) alloy plate, so that 
the plate is changed to a predetermined shape at a first temperature. 

The negative electrodes and the positive electrodes with the separators intervening are inserted in a battery case, 
while the electrodes are sandwiched by the member that constitutes the compression means. Then, the structure is 
heated at a temperature of the shape-memory alloy for transformation completion when the temperature rises, or higher, 

55 to recover the shape. A predetermined amount of an electrolytic solution is injected while the pressure is applied from 
the inside of the battery case. 

After electrode terminals are electrically connected to corresponding electrodes, a battery case cap is attached to 
the battery case, and the case is then tightly closed by laser sealing. Thus, a lithium battery has been manufactured. 
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The mode of the battery of the present invention will be explained. As long as the negative electrodes and the 
positive electrodes are laminated with the separators intervening, any battery mode is acceptable. For example, there 
are a general, tightly sealed square battery where an electrode group that consists of negative electrodes, separators, 
and positive electrodes laminated in the named order is inserted into a square or a gum-shape case and the positive 
electrode lid is sealed by laser, or a stacking battery that has a plurality of the above electrode groups. Of course, the 
above battery structure is effective for a coin type battery and for a spiral cylindrical battery. 

Although a lithium secondary battery has been mainly explained as an example, the problems in the prior art are 
also the problems for the lithium ion secondary battery. Rather, in a secondary battery called a lithium ion secondary 
battery, since carbon used for its negative electrode has conductivity of two digit lower than that of metal, sufficient 
compression to the negative and the positive electrodes is required more than any other battery. The present invention 
is therefore effective especially for the lithium ion secondary battery. In addition, the present invention is also effective 
for an alkali storage battery, such as a nickel-cadmium battery or a nickel-hydrogen-storing alloy battery, and a lead 
storage battery, though the effect is not as great as that acquired for the lithium secondary battery that uses an organic 
solvent as an electrolytic solution. 

The present invention will now be described more in detail by referring to the preferred embodiments. The present 
invention is not limited to the following embodiments. In the embodiments, the assembly of a battery is performed in a 
fully dehumidified atmosphere. 

(Embodiment 1) 

Rg. 1 1 is a diagram illustrating a first embodiment of the present invention where means for compressing electrodes 
in a battery case is provided (more specifically, pressure is applied to the electrodes perpendicularly to the faces of the 
electrodes). Reference number 1101 denotes a negative electrode; 1102, a negative electrode collector; 1103, a sep- 
arator chat is impregnated with an electrolytic solution; 1 104, a positive electrode; 1 105, a positive electrode collector; 
1 106, a negative electrode input/output terminal; 1 107. a positive electrode input/output terminal; 1 108. an insulating 
battery case; and 11 09, a member whose shape is varied by temperature. In this embodiment, the positive and the 
negative electrodes and the battery input/output terminals are insulated from the battery case, and the battery input/out- 
put terminals are electrically connected to the corresponding collectors for the electrodes. 

Lithium foil of 200 *im thick was attached to the negative electrode collector (nickel foil of 25 \im thick) 1 102 and the 
resultant structure was employed as the negative electrode 1101. Electrolytic manganese dioxide and lithium carbonate 
were mixed at a molar ratio of 2: 1 , the mixture was heated at 800°C in the atmosphere for eight hours, and the produced 
lithium-containing manganese dioxide was employed as the positive electrode 1 104. Then, the lithium-containing man- 
ganese dioxide, a coupling agent (poly(vinylidene fluoride)) and an auxiliary conducting agent (acetylene black) were 
mixed well at a weight ratio of 92:3:5. Then, N-methylpyrrolidone was employed as a solvent to make the paste of the 
mixture. Sequentially, the positive electrode collector (nickel foil of 25 jim thick) 1 105 was covered with that paste by the 
bar coating method, and the resultant structure was fully dried in the atmosphere. A thermal process was performed at 
160°C under a reduced pressure for three hours to couple the lithium-containing manganese dioxide to the positive 
electrode collector 1 105. A positive electrode was thus formed. The thickness of the positive- electrode was 95 urn, 
including the positive electrode collector. 

The negative and the positive electrodes that were thus formed by the above described method were cut in the size 
of 15 mm x 50 mm. Then, by spot welding, a lead terminal (nickel foil of 25 jim thick) was formed on the reverse side of 
each electrode, and the structure was dried at 1 10°C under the reduced pressure for three hours. 

Shape-memory Ti-Ni (atomic ratio of 1:1) alloy, whose shape is memorized in advance in the above method, was 
used as a member 1 109 whose shape is varied. The negative electrode and the positive electrode were laminated with 
the intervening porous polypropylene (cell guard: produced by Daicel Chemical Industries, Ltd.) 1 1 03, and this electrode 
group and the member 1 1 09 were inserted in the battery case 1 1 08. 

Later, the lead terminals were electrically connected to the input/output terminals 1 106 and 1 107, respectively. To 
recover the shape of the shape-memory member, the structure was heated for 30 minutes at 1 00°C, which is a temper- 
ature for transformation completion when the temperature rises, or higher. 

Finally, the separator 1 103 was sufficiently impregnated with the mixture solvent (1 :1) of propylene carbonate, which 
contains 1 mol/1 of lithium tetrafluoroborate that is an electrolytic solution, and demethoxyethane. Then, the structure 
was tightly sealed and a cell was thus provided. 

The charging and discharging of the thus produced cell was evaluated at a 5-hour rate (2 cycles). As a result, 
according to the cycle initial characteristic, the charging and discharging capacity that was substantially equivalent to 
the capacity of the positive electrode could be obtained. On the other hand, the same evaluation test was conducted on 
a cell that was manufactured in the same manner except that the pressure was not applied after the electrodes were 
stored in the battery case, i.e.. a cell that did not recover the shape of the shape-memory member (a thermal process 
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after the insertion of the electrodes was not performed). The obtained charging and discharging capacity was about 
90% of that of the positive electrode. Further, the internal impedance of the cell produced in the above described manner 
was measured at 1 kHz. The internal impedance of the cell where the electrodes were compressed after being stored 
in the battery case was reduced to 1/4 of that of the cell where the electrodes were not compressed after being stored 

5 in the battery case. Further, as the result of the measurement of pressure by using pressure sensitive film, the pressure 
exerted in the cell where the electrodes were compressed after being stored in the battery case was about 2.5 times 
that in the cell where the electrodes were not compressed at all. 

It is assumed that the distance between the negative electrode and the positive electrode was reduced by applying 
pressure from the inside of the battery after the electrodes were stored therein, and the internal impedance of the battery 

io was therefore reduced. 

As is described above, when the member whose shape is varied at a desired temperature is provided in the battery 
case, compression is applied to the electrodes from the inside of the battery in the facing direction, so that a lithium 
secondary battery where the electrodes are sufficiently compressed can be manufactured. 

is (Embodiment 2) 

Fig. 12 is a diagram illustrating a second embodiment of the present invention wherein is provided means for com- 
pressing electrodes so as to reduce a distance between the negative and the positive electrodes in a battery case, and 
for electrically connecting a battery negative-side input/output terminal (in this embodiment, a battery case serves also 

20 as that terminal) to a negative electrode in a battery. 

Reference number 1 201 denotes a negative electrode; 1 202, a negative electrode collector; 1 203. a separator that 
is impregnated with an electrolytic solution; 1204 a positive electrode; 1205, a positive electrode collector; 1206, an 
insulator; 1207. a positive electrode input/output terminal; 1 108. a battery case; 1209, a member whose shape is varied 
by temperature; and 1210, a negative electrode input/output terminal. The battery case 1208 and the positive input/output 

25 terminal 1 207 are insulated to prevent a short circuit. 

Lithium foil of 200 \im thick was attached to the negative electrode collector (nickel foil of 25 \xm thick) 1202 and the 
resultant structure was employed as the negative electrode 1201 . Electrolytic manganese dioxide and lithium carbonate 
were mixed at molar ratio of 2:1. the mixture was heated at 800°C in the atmosphere for eight hours, and the produced 
lithium-containing manganese dioxide was employed as the positive electrode 1204. Then, the lithium-containing man- 

30 ganese dioxide, a coupling agent (poly(vinylidene fluoride)) and an auxiliary conducting agent (acetylene black) were 
mixed well at a weight ratio of 92:3:5. Then, N-methylpyrrolidone was employed as a solvent to make the paste of the 
mixture. Sequentially, the positive electrode collector (nickel foil of 25 \im thick) 1205 was covered with that paste by the 
bar coating method, and the resultant structure was fully dried in the atmosphere. A thermal process was performed at 
160°C under a reduced pressure for three hours to couple the lithium-containing manganese dioxide to the positive 

35 electrode collector 1205. A positive electrode was thus formed. The thickness of the positive electrode was 95 jim. 
including the positive electrode collector. 

The negative and the positive electrodes that were thus formed by the above described method were cut in the size 
of 1 5 mm x 50 mm. Then, by spot welding, a lead terminal (nickel foil of 25 jim thick) was formed on the reverse side of 
each electrode, and the structure was dried at 1 10°C under the reduced pressure for three hours. 

40 As a member 1209 whose shape is varied was employed a shape-memory Ti-Ni (atomic ratio of 1 :1) alloy that 
memorizes in advance a bidirectional shape change, which is expanding and shrinking as is viewed from the electrodes 
by the above heating method. The negative electrode and the positive electrode were laminated with the intervening 
porous polypropylene (cell guard: produced by Daicel Chemical Industries, Ltd.) 1203. This electrode group and the 
member 1209 were inserted in the battery case 1208, and the member 1209 was located between the electrodes and 

45 the internal wall of the battery case. 

Then, the lead terminal was electrically connected to the input/output terminal 1207 for a positive electrode. In this 
embodiment, the external housing serves also as a negative side input/output terminal. In other words, as is shown in 
Fig. 3A, by the shape change of the shape-memory member, the negative electrode is electrically connected to the 
negative-side input/output terminal. 

so To recover the shape of the shape-memory member, the structure was heated for 30 minutes at 1 00°C. which is a 
temperature for transformation completion when the temperature rises, or higher. 

Finally, the separator 1 203 was sufficiently impregnated with the mixture solvent (1 :1 ) of propylene carbonate, which 
contains 1 mol/1 of lithium tetraf luoroborate that is an electrolytic solution, and demethoxyethane. Then, the structure 
was tightly sealed and a ceil was thus provided. 

55 The charging and discharging of thus produced cell was evaluated at a 5-hour rate. As a result, according to the 
cycle initial characteristic as in the first embodiment a charging and discharging capacity that was substantially equiv- 
alent to the capacity of the positive electrode could be obtained. On the other hand, the same evaluation test was 
conducted on a cell where the pressure was not applied to the electrodes after being stored in the battery case, i.e., a 
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cell that did not recover the shape of the shape-memory member (a thermal process after the insertion of the electrodes 
was not performed). The cell had almost no charging and discharging power. 

Further, the internal impedance of the cell produced in the above described manner was measured at 1 kHz The 
internal impedance of the cell where the electrodes were compressed after being stored in the battery case was reduced 
much as in the first embodiment. However, the cell where the electrodes were not compressed after being stored in the 
battery case was electrically disconnected. Further, as the result of the measurement of pressure by using pressure 
sensitive film, the pressure exerted in the cell where the electrodes were compressed after being stored in the battery 
case was about 2.4 times that in the cell where the electrodes were not compressed at all. 

It is assumed that the distance between the negative electrode and the positive electrode was reduced by applying 
pressure from the inside of the battery after the electrodes were stored therein, and the internal impedance of the battery 
was therefore reduced. It is also assumed that there is a function for electrically connecting the electrodes in the battery 
to the input/output terminals. There was no charging and discharging power when the shape of the shape-memory 
member was not recovered because the negative electrode was electrically disconnected from the input/output terminal 
When the charging of a battery where the shape of the shape-memory member was recovered was completed a 
voltage meter was connected to its positive and negative input/output terminals to heat the battery at 1 1 5<>C The voltage 
meter indicated 0 V, and no actuation power occurred. 

As is described above, when the member whose shape is varied at a desired temperature is provided in the battery 
case, compression is applied to the electrodes from the inside of the battery in the facing direction, so that such a lithium 
secondary battery can be provided that the electrodes are sufficiently compressed and the battery negative-side 
inputfoutput terminal (battery case in this embodiment) is electrically connected to the negative electrode in the battery. 
Witti the employment of a member whose shape is changed by temperature bidirectional!* when the temperature in the 
batten/rises, that member is shrunk, so that the battery negative-side input/output terminal (a battery case in this embod- 
iment) is electrically disconnected from the negative electrode of the battery. In addition, the riseof internal temperature 
of the battery can be prevented in advance when more current flows at a high temperature. Therefore, a more reliable 
lithium secondary battery can be provided. 

(Embodiment 3) 

Figs. 13 and 14 are diagrams illustrating a third embodiment of the present invention where a safety mechanism is 
provided that compresses the electrodes in a battery case perpendicular to the electrode faces and that has its shape 
changed by temperature. 

Reference number 1301 denotes a negative electrode; 1302, a negative electrode collector; 1303. a separatorthat 
is .mpregnated with an electrolytic solution; 1304. a positive electrode; 1305. a positive electrode collector- 1306 a 
negative electrode input/output terminal; 1307. a positive electrode inputfoutput terminal; 1308. an insulating battery 
case; 1 309. a member whose shape is varied by temperature; and 1 31 0. a safety valve 

. '" th ^ embodiment the positive and the negative electrodes and the battery input/output terminals are insulated 

\ r °ZT*, ^ CaSe ' and the CO " ector for electrode is electrically connected to the corresponding input/output 
!ZH „ y J COmpreSS " 19 toe terminals as is s" 0 ™ 1 in 2A. The shape (the same as in Fig. 2B) at 115°C where 
eiectncaiiy disconnection occurs was memorized in advance by the member 1 309 

rae I**" 1 *J <* 200 * m *»** arched to the negative electrode collector (nickel foil of 25 urn thick) 1302 and the 

were mixed at molar ratio of 2:1. the mixture was heated at 800-C in the atmosphere for eight hours, and the produced 
nZZZZZ h'" 9 mansanese dioxide was employed as the positive electrode 1304. Then, the lithium-containing man- 
ganese dioxide, a coupling agent (poly(vinylidene fluoride)) and an auxiliary conducting agent (acetylene black) were 
SSZTSZZ^^ °lf 2:3 ; 5 - Th6n - N -^/'Py-o«idone was employed as a soUt tomake the pasteSe 
bar^tina^^ 

iS^ nl ^ ^ reSUttant StruCture was dried in atmosphere. A thermal process was performed at 

l^^r . iL ™ P ? SSUre ,0f lhree h0urs to coup,e the '*thium-containing manganese dioxide to the positive 

irSntS S 13( f Jl^T e,eCtr0de ^ muS formed - ™ e Sickness of the positive electrode was^m 
including the positive electrode collector. 

of 1 I^Sf^ ? OSitive ^rtes that were thus formed by the above described method were cut in the size 

each ^^JT^^J?* WeW i n9 ' 3 lead terminal < nickel foil <* 25 urn thick) was formed on the reverse side of 
each electrode, and the structure was dned at 1 10»C under the reduced pressure for three hours 

,«J rr a !! e " m !r ry , V' Ni (at0miC rafo rt aBo * whose sha P e is memorized in advance in the above method was 

T^^Z^T^T^!* r i6d - 7116 ne9atiVe 6,ectrode *« the P° sitive e,ectrade — 'amfnaS S 
a^ ^^^"0^ yPr0Py ' en ! Ce " 9Uafd: pr0dUC6d by Da, ' cel Chemical '^stries. Ltd.). This electrode group 
andtte member 1309 were inserted in the battery case 1308 so that the member 1309 was provided between the 

waTa.^ntri ,nternaJ T ^ h embodiment - » e above structured shape^eto^aS 

was also employed as a member for controlling the actuation of the safety valve 1310. as is shown in Rgs. 5A to 5D By 
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performing the heating process, the reversibility in change was provided for the shape-memory alloy that served as the 
member for controlling the actuation of the safety valve 1310. 

Fig. 1 4 is an enlarged diagram shewing the structure of the safety valve 1 31 0 in this embodiment Reference number 
1401 denotes a positive electrode cap; 1402, a sealing plate; 1403, an elastic body; 1404, a safety valve; 1405,ashape- 
memory alloy on which shape-memory processing is performed and that is a member for controlling the safety valve 
1 404 so as to be actuated at 1 20°C; and 1 406. a gas escape port. According to the above described operational principle 
the mechanism actuates the safety valve 1404 when the shape of the shape-memory alloy is changed by temperature.' 

Then, to recover the shape of the shape-memory member that is the compression means, the structure was heated 
for 30 minutes at 100°C. which is a temperature for transformation completion when the temperature rises, or higher 

Finally, the separator 1 303 was sufficiently impregnated with the mixture solvent (1 :1) of propylene carbonate which 
contains 1 mol/1 of lithium tetraf luoroborate that is an electrolytic solution, and demethoxyethane. Then, the structure 
was tightly sealed and a cell was thus provided. 

The charging and discharging evaluation was conducted for a 5-hour rate on the cell that was produced in the above 
described manner. As a result, the electrode compression means in this embodiment was the same as in thefirst embod- 
iment, and according to the cycle initial characteristic, the charging and discharging power capacity was equivalent to 
that of the positive electrode, as in the first embodiment. As is described above, in this embodiment in addition to the 
compression means, means for actuating the safety valve of safety means that is controlled by temperature is also 
provided. Therefore, when the cell was heated at 1 1 5°C, no value for a battery voltage was indicated (the safety valve 
was not actuated at this time). When the ceil was continuously heated at 120°C, the cell was examined while the tem- 
perature was maintained. The safety valve of each cell that was examined was found to be actuated. 

In addition, the cell was heated at 1 15°C and the cell with electric disconnection was left until its temperature had 
returned to room temperature. The ceil had the same battery characteristic as that before it was heated. It was confirmed 
that the cell had the automatic recovery function. 

It is assumed that the distance between the negative electrode and the positive electrode was reduced by applying 
pressure from the inside of the battery after the electrodes were stored therein, and the internal impedance of the battery 
was therefore reduced. It is also assumed that the ceil has a function for electrically disconnecting the electrodes in the 
battery from the input/output terminals in consonance with the battery temperature and a function for controlling the 
actuation of the safety valve. 

As is described above, a member whose shape is varied by a desired temperature is provided in the battery case. 
A lithium secondary battery can be therefore manufactured in which the electrodes can be sufficiently compressed from 
the inside of the battery (more specifically, in the direction in which a distance between the negative electrode and the 
positive electrode is reduced) and also the actuation of the safety valve can be controlled by temperature, in addition to 
the internal pressure of the battery. 

(Embodiment 4) 

In this embodiment, a carbon material is used for a negative electrode and the compression means as in the first 
embodiment is provided. 

In this embodiment, for evaluation of a secondary battery characteristic, a cell for testing was assembled in the same 
manner as in the first embodiment except that mesophase carbon microbeads (MCMB produced by Osaka Gas Co., 
Ltd.) was employed for the negative electrode material, instead of the lithium foil. 

The negative electrode employed in this embodiment was formed by the following procedures. First, mesophase 
carbon microbeads and a coupling agent (poly(vinylidene fluoride) powder) were mixed well at the weight ratio of 95:5, 
and N-methylpyrrolidone was used to make a paste of the mixture. That paste was coated on the negative electrode 
collector (copper foil of 35 urn thick) and was dried completely at room temperature. A thermal process was performed 
at 1 60°C under the reduced pressure for three hours to affix the paste to the collector. The electrode was thus formed. 

The evaluation of a 5-hour rate was conducted as in the first embodiment. The compression force applied to the 
electrodes was about 2.6 times that of the cell where the shape of the member was not changed. However, the internal 
impedance of the battery was about 1.5 times as high as that in the first embodiment. It is assumed that because the 
conductivity of carbon, which was the negative electrode, is about 2-digit lower than that of the metal, under the same 
compression force, the internal impedance of the battery could not be maintained sufficiently low, compared with the 
first embodiment where metal (lithium) was employed for the negative electrode. 

There is no problem for practical use in the charging and discharging capacity of the battery where the electrodes 
are compressed. Actually, this capacity was about 3 times the charging and discharging capacity of the cell where the 
electrodes were not compressed, and it was obvious that the compression applied to the electrodes was very effective. 
This result is due to the low conductivity of carbon that was employed as the negative electrode. In other words, the 
compression means of the present invention is effective especially for a lithium ion battery that has low conductivity in 
the negative electrode. 
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as J^^^^IT^ th8t 9 enerates 9 as b y heating and is not returned to its original shape is employed 
as a member that constitutes the compression means. ^ y 

The same evaluation as in the first embodiment was conducted, except that material that generates qas at a tem- 
perature lower than the melting point of the separator was dispersed in polyethylene in order to bTSoy^asmea^s 
for compressing the laminated electrodes after they were stored in the battery case employed as means 

mot .^ means "jessing the 'animated electrodes in the battery case after they were stored therein the following 

. trSm^^ 

a J^/ST e '!^ 0de "*! * e posiiive electrode were fabricated in the same manner as in the first embodiment 
A matenal (sodium hydrogencamonate). which, by heating, generates gas toward the non^srte face 2«SnI£ 

> The resultant structure was stored in the battery case in the same manner as in the first embodiment Then sodium 
hydrogencarbonate was foamed by heating at 100'C to further compress the laminated eTeSSSTn £ 
Following this, a drying process under the reduced pressure was performed ^ Case - 

tha ^e ^a r g."g and discharging of the thus produced cell was evaluated at a 5-hour rate. As a result according to 
SSe SSl^ 6 Chargin9 , and dischar * n 9 capacity was about 95% of the capa^ of 
f2? h ♦ ! 6r hand - the Same evaluation test was conducted on a cell in which the pressure was riot aSed 
and thetemperaturewas increase i e acellwTeret^co^Son 

SSTTh"? "T 0 ^ (a thermal Pr0C6SS after 4,18 inserton « *• electees ^ ^^erfdrmed^e^bSS 
ST S^ScSS^hS^ W Kl ab ° Ut "* ° f ^ * the posltive 8,8Clrod e. Fu *^ •* interni. impedaSeof 
^S^^SS STS* ~ meaSUred at 1 ^ 708 internal impedance of the clwhere the 
f S^T were co^essed after being stored in the battery case was reduced to 1/3 of that of the cell where the 

t^rj^i^^^" 9 • taMd " *» battery ~ Further " as the resu » <* theleasJntmerJ 5 
bS Jtori^ Z^ SenS,t,Ve thS PreSSUre 6Xerted in the ce " where *ne electrodes were compressed after 
ft fe^imS riSS ^1^1 * 2 0 ^ tha< in 1,16 Ce " *• e,ectrodes not compTessed at all. 
of the T *!? 9enerateS 935 and is expanded 31 a temperature lower than Z melting point 

l^er Z^tS ^ 38 3 T*" for 1,18 for impressing electrodes in this embodiment L 

!r C o^res?^ec^l ^^mory alloy that was employed in the first embodiment, and thus it was difficult 

nrar A l i , S BPPar V. from <*ar9ing and discharging characteristic, this member does not have a critical problem for 
conSe?L a m.: S a T Hy USab,e " FUrtner ' " •* embodiment ' a " *e materia, s that wereu^ £JiH£ tfS 
ttecosfs^^^^ 

d2>S ^ i5? th8 manufacture - sinca the electrode compression means can be fabricated Zply by 

£S fe ZaS nS^^ r6S,n ll ne Ce " Cm b6 — * bv simple procedures. the 

pressure Snte aSS II! f, nd K r8C , essed P 0 ^ 0 " 5 <* the electrodes that contact the compression means, the 

Ktion of ? 6 SSrZ£ IT* reS ' n ™ by *" Shape ^ 8m0r y a,,ov in ^e first embodiment. After the 
jr:'™. " ot me mattery e completed, the compression means is actuated by heating and the generated aas is dis- 

?£Z° U ft ! Safety ^ ,n thlS manner ' *• °P erafo n of the safety valve can L confirmed 
-^2^2^^-? ""J™ ^-carbonate in a polyeth7ene resin, sodium hy^encarbonate was 
S^ucti ia es?» m'e 5 Sn^fT m6anS - A Ce " ^ in the aame manner and evaluation 

positive eSS , F l?il! 9 1 ^ d,schar 9 ,n 9 capacity was about 93% of the theoretical capacity of the 

the dsSt^ct £ ^L 6 ^^ " nd . ^ emb0dim8nt ' * is •* ^ increase in 

are stored Sn ^ ^ ^ by com P ress,n 9 the laminated electrodes in the battery case after they 

(Embodiment 6) 
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A secondary battery was fabricated in the same manner as in the first embodiment except that the elastic body 
that has a pressure releasable stopper function is used as the compression means. 

In other words, by the following method, the elastic body that has the stopper function for releasing the pressure of 
the elastic body after the storage of the electrodes was fabricated as means for compressing the electrodes after thev 
were stored in the battery case. 

A stainless steel leaf spring is located on the side opposite to the laminated electrodes in a battery case. A titanium 
plate 100 \im thick and a shape-memory alloy, whose shape is changed at 100°C and that functions as a stopper were 
attached to the leaf spring, which is an elastic body disposed at the gap between the battery case and the electtodes 
as is shown in Figs. 7A and 7B. 

Then, the resultant structure was stored in the battery case with the same method as in the first embodiment and 
heated at 1 00°C. The stopper function was released and the laminated electrodes were compressed in the battery case 

The charging band discharging of the thus produced cell was evaluated at a 5-hour rate. As a result, according to 
the cycle initial characteristic, the charging and discharging capacity was about 98% of the capacity of the positive 
electrode. On the other hand, the same evaluation test was conducted on a cell to which the pressure was not applied 
and the temperature was increased after the electrodes were stored in the battery case, i.e.. a cell that employs the 
shape-memory alloy and did not release the stopper means (a thermal process after the insertion of the electrodes was 
not performed). The obtained charging and discharging capacity was about 90% of that of the positive electrode. Further, 
the internal impedance of the cell produced in the above described manner was measured at 1 kHz. The internal imped- 
ance of the cell where the electrodes were compressed after being stored in the battery case was reduced to 1/4 of that 
of the cell where the electrodes were not compressed after being stored in the battery case. Further, as the result of the 
measurement of pressure by using pressure sensitive film, the pressure exerted in the cell where the electrodes were 
compressed after being stored in the battery case was about 3.0 times of that in the cell where the electrodes were not 
compressed at all. 

A member that was used as the compression means in this embodiment has stopper means in addition to, for 
example, a stainless steel leaf spring, which is conventionally used as an elastic body. Compared with the other previously 
described members that constitute the compression means (e.g., a shape-memory member and a member that gener- 
ates gas and expands when heated and is not returned to its original shape), this member requires one more item 
(specifically, stopper means). However, the member (leaf spring) that is employed as an elastic spring is a material that 
is conventionally employed for springs, and that has sufficient strength and elastic force for compressing the electrodes. 
From the view of the reduction of a distance between the negative and the positive electrodes by compression applied 
to the electrodes in the battery and the decrease of the internal impedance of the battery it is therefore very effective 
for the elastic body in this embodiment that has the stopper means for releasing pressure of the elastic body to be used 
as the compression means. This means is especially effective for a battery that employs a comparatively low conductive 
electrode (e.g.. carbon electrode) or a comparatively low electrolytic solution. Further, the amount of the auxiliary con- 
ducting agent that is added in the electrode (e.g.. the positive electrode) can be reduced; and the battery capacity density 
can be increased. 

From the results of the embodiment, it is also apparent that means for compressing the laminated electrodes in the 
battery case after they are stored therein is very effective for increasing the charging and discharging capacity. 

(Embodiment 7) 

Fig. 15 is a diagram illustrating a seventh embodiment of the present invention where means is provided for com- 
pressing electrodes in a battery case (more specifically, perpendicular to the faces of the electrodes so as to reduce the 
distance between the electrodes), and for releasing the pressure by temperature. 

A plurality of negative electrodes and positive electrodes are laminated, and components except for a member 1 509 
are the same as those fabricated in the first embodiment Reference number 1501 denotes a negative electrode; 1502, 
a negative electrode collector; 1503, a negative-side input/output terminal; 1504, a positive electrode; 1505. a positive 
electrode collector; 1 506, a positive-side input/output terminal; 1507. a separator that is impregnated with an electrolytic 
solution; 1508. an external housing as an insulating battery case; and 1509, a member (shape-memory alloy) whose 
shape is changed by temperature. 

In this embodiment the positive and the negative electrodes and the battery input/output terminals are insulated 
from the battery case, and the collectors for the electrodes are electrically connected to the corresponding battery 
input/output terminals. 

As is shown in Fig. 15, in this embodiment, a plurality of the negative electrodes and the positive electrodes are 
laminated with the intervening separators to form an electrode group. The electrode group is inserted in the external 
housing, and then is connected to the individual terminals. Thus, a square sealed cell was fabricated. 

The procedures for fabricating electrodes are almost the same as those in the first embodiment. In this embodiment, 
the laminated electrodes were inserted in the external housing while they were being compressed. Means for further 
compressing the electrodes in the battery case was formed following the procedures in the first embodiment. It should 
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be noted that a shape-memory alloy employed in this embodiment is Ti-Ni (atomic ratio of 49:51). In the aforementioned 
thermal process, the bidirectional shapes for expansion and shrinking were memorized. 

The evaluation for the charging and discharging capacity of the positive electrode of the thus fabricated cell was 
conducted at a 10-hour rate, a 5-hour rate, and a 3-hour rate. The charging and discharging capacities at the respective 
hour rates were 98%. 95%. and 91% with respect to the theoretical capacity of the positive electrode. Compared with 
a battery where the electrodes were not compressed (the shape of the shape-memory alloy was not recovered though 
it was inserted in the case), the internal impedance of the battery of the cell in this embodiment was about 1/3 and the 
pressure applied to the electrodes was about 2.4 times. 

It is apparent from the results of the charging and discharging test that the cell in this embodiment has sufficient 
charging and discharging power. 

Further, to confirm that the electrodes can easily separated from the battery case by releasing the pressure to 
facilitate recycling, the following tests were conducted on a plurality of cells that were fabricated in this embodiment 

In this embodiment the ends of the fabricated cells before and after evaluation were cut off perpendicular to the 
face of the electrode and flash on the cut face was removed. Then, the cell was cooled at the temperature of liquid 
nitrogen. Regardless of whether the cells were before evaluation or after, the electrodes could easily be removed from 
the battery case merely by reversing the cells and providing mechanic vibration. On the other hand, as for the cells that 
were cut along the center axis but were not cooled at the temperature of liquid nitrogen, even when the flash of the cut 
face was removed and the cell was reversed and mechanically vibrated, the electrodes could not be removed 

That is. the member, employed in this embodiment whose shape is changed by temperature was shrunk by cooling 
atahquidnrtrogentemperature. so that the electrodes wereeasilyremoved.lt was found that a lithium secondary battery 
that can be easily recycled can be provided. 

(Embodiment 8) 

Fig. 16 is a diagram illustrating an eighth embodiment of the present invention that has means for compressing 
electrodes in a battery case (specifically, compressing electrodes perpendicularly to the faces of the electrodes so as 
to reduce a distance between the electrodes) and means for equalizing the pressure. 

Reference number 1601 denotes a negative electrode; 1602. a negative electrode collector: 1603. a separatorthat 
is impregnated with an electrolytic solution; 1604. a positive electrode: 1605. a positive electrode collector: 1606 a 
negabve electrode input/output terminal; 1607. a positive electrode input/output terminal; 1608. an insulating battery 
case; and 1 609. compression equalization means; and 1 61 0, compression means. 

In this embodiment the positive and the negative electrodes and the battery input/output terminals are insulated 
froni the battery case, and the battery input/output terminals are electrically connected to the corresponding collectors 
for the electrodes. 

Lithium foil of 200 jim thick was attached to the negative electrode collector (nickel foil of 25 urn thick) 1 602 and the 
resultant structure was employed as the negative electrode 1601 . Electrolytic manganese dioxide and lithium carbonate 
were m.xed at a molar ratio of 2:1 . the mixture was heated at 800"C in the atmosphere for eight hours, and the produced 
lithium-containing manganese dioxide was employed as the positive electrode 1604. Then, the lithium-containing man- 
ganese diox.de. a coupling agent (poly(vinylidene fluoride)) and an auxiliary conducting agent (acetylene black) were 
mixed well at a weight ratio of 92:3:5. Then. N-methylpyrrolidone was employed as a solvent to make a paste of the 
m.xture^Sequent,ally. the positive electrode collector (nickel foil of 25 jim thick) 1605 was covered with that paste by the 
bar coating method, and the resultant structure was fully dried in the atmosphere. A thermal process was performed at 
»L ^ pr A essure for mree hours to ^Pte the lithium-containing manganese dioxide to the positive 
elecfrode collector 1605. A positive electrode was thus formed. The thickness of the positive electrode was 95 urn 
including the positive electrode collector 1605. ^ 

The negative and the positive electrodes 1601 and 1604 that were thus formed by the above described method 
"! 3 f"T ^ U3re size " Then ' ^ we,di "9. a 'ead terminal (nickel foil of 25 urn thick) was formed on the 
If™ . ° f 6ach electrode - Furtner me 'averse ^ce of the negative electrode was covered with wax. and was dried 
« room temperature in the atmosphere. Then, the structure was dried at 1 10»C under the reduced pressure for three - 

of th? e 2S e thermal Pf ° CeSS ' means tor compressing the electrodes in the battery case perpendicularly to the faces 
cat^ SS^ST* 2 * ™ (at0miC n-io * 1 :1) ** is a sh ape-memory alloy. A secondary battery was fabri- 
to^wZZl Tl 9 ^ 00 ^!! ^"9 shape-memory alloy, which is the means for compressing the electrodes in 
the d|rection in which the electrodes face after they are stored in the battery case 

20 amrn^T ^ P 08 "^ electrodes were laminated with the separators (porous polypropylene of 

SSSSSSStZ^i ST* by DaiCSl Chemical ,ndustries - Lto ))" The laminated dectrcJes weSnserted 

into the battery case with the compression means and the compression equalization means 

.JZ*' *? ]a ** terminals w ere electrically connected to the input/output terminals 1606 and 1607. After the 
compressionequalizabonmeanswa^ 



26 



EP 0 700 109 A1 



means was recovered. Then, the thermal process was performed at 100°C for 30 minutes to apply more pressure to 
the electrodes. Finally, the separator 1603 was sufficiently impregnated with the mixture solvent (1 :1) of propylene car- 
bonate, which contains 1 mol/1 of lithium tetrafluoroborate that is an electrolytic solution, and demethoxyethane. Then, 
the structure was tightly sealed and a cell was thus provided. 

The evaluation for the charging and discharging of the cell that was fabricated by the above described method was 
conducted at a 5-hour rate. As a result, according to the cycle initial characteristic, the charging and discharging capacity 
that is almost equivalent to that of the positive electrode was obtained. 

A secondary battery with larger electrode areas was fabricated by the same method and evaluated. The reduction 
of the discharging capacity due to the increase of the electrode area was not observed. Further, pressure that was 
actually applied to the electrodes was measured by using pressure sensitive film at a plurality of portions of the cells at 
pitches of about 10 mm and in the range of 5 mm square in the diagonal direction of the electrodes. When the results 
were averaged, the minimum pressure value/the maximum pressure value were as is shown in Table 1 . More specifically, 
in the cell where, as the compression equalization means, the member that isf luidized at the melting point of the separator 
or lower is located between the outermost electrode and the battery case, the uniform compression was realized as is 
described above, so that there was no big difference between the maximum and the minimum pressure values due to 
the increase in the electrode area. On the other hand, in the cell that did not have compression equalization means, as 
the electrode area was increased, the equalization of pressure was found to be reduced. 



[Table 1] 



Electrode Size 


Maximum Pressure Value/Minimum Pressure Value 




Compression Equalization Means Present 


Compression Equalization Means Absent 


60 mm x 60 mm 


0.98 


0.98 


60 mmx 100 mm 


0.97 


0.96 


60 mm x 250 mm 


0.96 


0.93 


100 mmx 100 mm 


0.98 


0.91 


250 mm x 250 mm 


0.97 


0.88 



It is therefore assumed that, if a member (wax in this embodiment) that is f luidized at the melting point of the separator 
or lower is located at the outermost portion of the electrode group where the positive and the negative electrodes are 
laminated with the intervening separators, pressure is uniformly applied even at an increased electrode area, and thus 
the discharging capacity will not be reduced. 

In a secondary battery where a member that is f luidized at the melting point of the separator or lower is not located, 
as the electrode area is increased, the charging capacity tends to be reduced. It is assumed that the pressure is not 
uniformly applied to the negative and the positive electrodes and only the portions that are comparatively compressed 
contribute to the charging and discharging, so that as the electrode area is increased to make uniform compression 
difficult, the charging and discharging capacity will be reduced. 

As is described above, the secondary battery of the present invention provides the following effects. 

1 . The electrodes can be sufficiently compressed in the battery case perpendicular to the electrode face, and the 
internal impedance can be extremely reduced. Further, by using the compression equalization means, a distance 
between the electrodes can be shortened. More specifically the pressure applied perpendicularly to the electrode 
face is more equalized and the internal impedance can be decreased more. As a result, a battery that has excellent 
charging and discharging power can be provided. 

The contact portion of the battery input/output terminals and the electrodes can be compressed sufficiently, 
and the internal impedance can be reduced. 

2. In consonance with the battery internal temperature, electric connection between the battery input/output terminal 
for a positive electrode and the positive electrode in the battery and/or between the battery input/output terminal for 
a negative electrode and the negative electrode in the battery can be cut off. Further, the safety valve can be actuated 
in consonance with the battery internal temperature. Thus, a more reliable battery can be provided. 

3. Since a member of the present invention whose change is varied can accomplish the electric connection between 
the battery input/output terminals and the electrodes, the manufacturing procedure can be simplified, such as the 
shortening of the spot welding procedure, and welded points are eliminated, so that a battery that can be easily 
recycled after used can be provided. In addition, as the pressure applied to the electrodes can be released, a battery 
that is proper for recycling can be provided. 
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According to the method of the present invention for manufacturing a battery, it is possible to constantly manufacture 
a battery with good yields, wherein electrodes are satisfactorily compressed from the inside of the battery, which is not 
performed conventionally, and the internal impedance is reduced, that has excellent charging and discharging power 
and high safety. 

The object of the present invention is to provide a secondary battery that has a lamination of negative electrodes 
and positive electrodes with intervening separators that acquires a low battery internal impedance and excellent charging 
and discharging power by the sufficient compressing of the electrodes, and that is very safe and easy to recycle, and 
to provide a method for manufacturing such a battery. 

To achieve the above object, according to the present invention, in a battery wheran positive electrodes and negative 
electrodes are disposed with intervening separators, and are stored in a battery case with a solid electrolyte or an 
electrolytic solution, provided in the battery case is a member whose shape is changed at a predetermined temperature 
(first temperature), which is lower than the melting point of the separator and which falls outside the battery operating 
temperature range, that maintains the shape in the battery operating temperature range. By heating or cooling the 
member to the first temperature, pressure is applied to at least one part of the battery case or the applied pressure is 
released. 



Claims 



1 . A battery wherein positive electrodes and negative electrodes, which are disposed with intervening separators, are 
stored in a battery case, along with a solid electrolyte or an electrolytic solution and wherein is provided a component 
whose shape is altered at a predetermined temperature (a first temperature), which is lower than a melting point of 
said separators but which falls outside an operating temperature range, that, while retaining said altered shape at 
temperatures that fall within said operating temperature range, is heated to said first temperature to exert pressure 
in at least one area within said battery case or is cooled to release said exerted pressure. 

2. A battery according to claim 1 , wherein said negative electrodes contain at least lithium as an active material, and 
a nonaqueous solution is employed as said electrolytic solution. 

3. A battery according to claim 1 , wherein said operating temperature range is from -30°C to 80°C. 

4. A battery according to claims 1 to 3. wherein said negative electrodes and said positive electrodes are fixed to a 
negative collector and a positive collector, respectively, and are connected to input and output terminals of said 
negative and said positive collectors. 



5. 
6. 



A battery according to claim 1 . further comprising an elastic body and stopper means for suppressing elastic force 
of said elastic body, with said stopper means being constituted by said member. 

A battery according to claim 1 , wherein, as the shape of said member is altered, pressure is exerted in a direction 
in which a distance between said positive electrodes is reduced. 

7. A battery according to claim 6, wherein said member is provided between the internal wall of said battery case and 
said positive electrode and/or said negative electrode, or between said positive and said negative electrodes if a 
plurality of said electrodes are located, and/or wherein said member constitutes said battery case. 

8. A battery according to claim 1 , wherein, as said shape of said member is altered, said positive electrodes (or said 
positive collector) become electrically connected to said input/output terminals for positive electrodes and/or said 
negative electrodes (or said negative collector) become electrically connected to said input/output terminals for 
negative electrodes. 

9. A battery according to claim 1 . wherein, as said shape of said member is altered, a safety valve that is provided for 
said battery case is actuated. 

10 fuiSn^ aCCOfdin9 tQ daim 1l Whereln 888(1 member is formed of an alloy or a resin that has a shape-memory 

1 1 . A battery according to claim 10. wherein said member is formed of a shape-memory alloy. 

12. A battery according to daim 1 , wherein said member is made of a material whose volume is expanded at said first 
temperature. 
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13. A battery according to claim 12, wherein said material generates a gas as its volume is expanded. 

14. A battery according to claim 1. wherein said member is made of material that assumes an altered shape at sard 
first temperature and then altered shape at a second temperature that falls outside said operating temperature range. 

15. A battery according to claim 6 or 7. wherein said member is made of a material that assumes one shape at said 
first temperature and that then assumes a different shape at said second temperature thatfalls outside said operating 
temperature range, and wherein due to the change in the shape of said member at said second temperature pres- 
sure that is exerted in a direction opposite to said electrodes is released, or the actuation of said safety valve that 
is provided in said battery case ceases. 

16. A battery according to daim 8. wherein said member is made of a material that assumes one shape at said first 
temperature and that then assumes a different shape at said second temperature that falls outside said operating 
temperature range, and wherein, due to the change in the shape at said second temperature, the electric connection 
of sad positive electrodes (or said positive collector) to said input/output terminals for positive electrodes is inter- 
rupted, and/or the electric connection of said negative electrodes (or said negative collector) to said input/output 
terminals for negative electrodes is interrupted. 

17. A battery according to claim 16. wherein a second member that is different from said member and whose shape is 
vaned by temperature is provided, and wherein said safety valve in said battery case is actuated as said shape of 
said second member is changed and a temperature at which said safety valve is actuated is raised so that said 
temperature is higher than said second temperature. 

18. A battery according to claim 9. wheran said member is made of a material that assumes one shape at said first 
temperature and that then assumes a different shape at said second temperature that falls outside said operating 
temperature range, and wherein the actuation of said safety valve in said battery case is halted as said shape of 
said second member is changed. 

19. A battery according to claim 14. wherein the altered shapes that said member assumes at said first temperature 
and at said second temperature are reversible. 

20. A battery according to claim 1 . further comprising compression equalization means for the equal exertion of pressure. 

21 . A battery according to claim 20. wherein said compression equalization means is made of a material that acquires 
a state of f lowability at a temperature that is lower than a melting point of said separators, and that does not react, 
or is processed so as not to react with said solid electrolyte and said electrolytic solution. 

22. A battery according to daim 20, wherein said compression equalization means is located between said member 
and said electrodes in said battery case. 

23. A method for manufacturing a battery, wherein positive electrodes and negative electrodes are disposed with inter- 
vening separators and such a resultant structure is stored in a battery case, along with a solid electrolyte or an 
electrolytic solution, comprising the steps of: 

storing, in said battery case, at least said positive electrodes, said negative electrodes, said separators, and 
a member whose shape is altered at a temperature (a first temperature) that is lower than a melting point of said 
separators and that falls outside an operating temperature range of said battery, and that retains said altered shape 
at temperatures that fall within said operating temperature range; and 

heating or cooling a resultant structure at said first temperature that differs from a temperature that exists at 
such time as storing is accomplished. 

24. A method for manufacturing a battery according to claim 23. further comprising the step of providing compression 
equalization means in said member. 

25. A method for manufacturing a battery according to claim 23 or 24. wherein negative electrodes that contain lithium 
as an active material are employed as said negative electrodes, that a nonaqueous electrolytic solution are employed 
as said electrolytic solution, and that production procedures are performed in an atmosphere that provides for ade- 
quate removal of water. 
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FIG. 3 A 
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FIG. 5 A 
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FIG. 7B 
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FIG. 9A 
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